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ABSTRACT 
This thesis studied the effects of hypothetical NOx sources located in East 
Tennessee on the tropospheric ozone concentrations impacting the Great Smoky 
Mountains National Park (GSMNP) using the Urban Airshed Model (UAM). The product 
of this study is a technique of assessing the potential impact of a new or modified large 
NOx source on ozone concentrations within a Class I area, which includes an up-to-date 
detailed emissions inventory. The East Tennessee Modeling Domain (ETMD) consists 
of 94 counties in six different states with an area of 75,900 km2 : Tennessee (40) ,  North 
Carolina (22), South Carolina (8), Georgia (17), Kentucky (4), and Virginia (3). The 
emissions, including point, area, mobile (on and non-road), and biogenic sources were 
chemically, temporally, and spatially allocated throughout the domain. The four 
hypothetical NOx source locations selected to be studied in ETMD were: Knoxville, 
Crossville, Cleveland, and the Tri-Cities airport (Bristol, Kingsport, and Johnson City) 
area. The days to be modeled by the UAM for each source location were July 07 and 1 0  
(Knoxville), June 30 (Crossville), June 1 4  (Cleveland) , and July 25 (Tri-Cities airport) of 
1 990. The study compares the predicted incremental ozone concentrations in the 
GSMNP due to the detailed emissions inventories with those modeled by constant 
emissions densities used in previous study. The results are also compared to those 
obtained from a screening technique which used the Mapping Areawide Predictions of 
Ozone model (MAP-03). The MAP-03 predicted an average of about 3 times higher 
incremental ozone concentrations in the GSMNP than the UAM simulations using 
detailed emissions inventories. 
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GLOSSARY 
Anthropogenic emissions : Emissions from man-made sources; commonly subdivided 
into point, area, and mobile sources for inventory purposes. 
Area source emissions : Emissions which are assumed to occur over a given area 
rather than at a specified point; often includes emissions from sources considered too 
small or numerous to be handled individually in the point source inventory. 
Basecase scenario: A basecase scenario is the one with no additional point sources 
and uses background emissions (existing sources) being modeled for the modeling 
domain. 
Biogenic emissions: Naturally occurring emissions from vegetation. 
Carbon bond mechanism : The chemical kinetics mechanism employed by the Urban 
Airshed Model (UAM), in which various hydrocarbons are grouped according to bond 
type (e.g. ,  carbon single bonds, carbon double bonds, carbonyl bonds, etc.). This 
lumping technique categorizes the reactions of similar chemical bonds, whereas a 
molecular lumping approach would group reactions of entire molecules. 
Effective stack height : The sum of the actual physical stack height and the plume rise. 
Effective stack height is defined as the height at which a plume becomes passive and 
subsequently follows ambient air motion. 
Emission factor : A factor, usually expressed as mass pollutant per throughput or 
activity level, used to estimate emissions for a given source. 
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GLOSSARY (contd.) 
Emission inventory : A list of the amount of pollutants from all sources entering the air 
in a given time period. Often includes associated parameters such as process 
identification codes and stack parameters. 
Grid cell : The three-dimensional box-like cell of a grid system; also commonly used to 
refer specifically to the ground level horizontal layer of grid cells over which emissions 
are allocated for modeling. 
Julian date : A method of referencing dates in which days are numbered consecutively 
from an arbitrarily selected point (normally January 1 ) . The from of the date is YYDDD, 
where YY is the year and DOD is the day; for example, May 3, 1 990 is written as 901 23 
in  Julian notation. 
Land use : A description of the major natural or man-made features contained in an 
area of land, or a description of the way land is being used. Examples of land use 
categories include forest, desert, cropland or agricultural, urban, grasslands, and 
wetlands. 
Mobile source emissions : Emissions from non-stationary sources. Also commonly 
used to designate emissions from on-road motor vehicles only (as opposed to "other 
mobile" sources). 
Photochemical model : An air quality simulation model which simulates the 
photochemical reactions that occur over an area during each hour of the day or days for 
which the model is being applied. 
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GLOSSARY (contd.) 
Point source emissions : Emissions which are inventories as occurring at a specified 
location from a specific process. 
Source : A process or activity resulting in the release of pollutants to the atmosphere. 
Spatial allocation surrogate : A quantity whose areal distribution is known or has been 
estimated and may be assumed similar to that of the emissions from some source 
category whose spatial distribution is unknown. 
Speciation : Disaggregation of total VOC and NOx emissions into the chemical species 
or classes specific to the chemical mechanism (e.g., the carbon bond mechanism) 
employed in a photochemical air quality simulation model. 
Trajectory : The path described by a hypothetical parcel of air moved by winds. The air 
parcel is identified as being at a given location at a given time; the trajectory connects 
this hypothetical position at any given time with both earlier and later positions. 
Volatile organic compounds: Any hydrocarbon or other carbon compound present in 
the gaseous phase in the atmosphere, with the exception of carbon monoxide (CO), 
carbon dioxide (C02), carbonic acid, carbonates, and metallic carbides. 
xvi 
1 .  INTRODUCTION 
The National Ambient Air Quality Standard (NAAQS) for ozone is 0. 1 2  ppmv 
under the Clean Air Act Amendments [40 CFR 50.9]. The NAAQS for ozone is defined 
as a one hour average concentration of 0. 1 2  ppmv, not to be exceeded more than three 
times in any consecutive three year period. This primary Air Quality Standard was 
established to protect human health at the present time. There is no secondary NAAQS 
for ozone, the basis of which is to prevent damage to vegetation and other non-health 
related damage. The most important precursors for ozone formation are volatile organic 
compounds (VOCs), nitric oxide (NO), and nitrogen dioxide (N02). Mobile (automobile 
exhaust and refueling) and biogenic (vegetation) sources are the main sources of VOC, 
whereas, power plaflts and automobile exhaust are the main sources of NO and N02. 
Ozone concentrations may result from local emissions of these precursors which react 
to form ozone and/or may be transported from the upwind direction. 
The main focus of the Clean Air Act of 1990 was concentrated on controlling the 
concentrations of VOCs emitted from anthropogenic sources in order to control 
tropospheric ozone. Recent findings, however, show that the more effective method in 
reducing ozone in the atmosphere in Tennessee may be the controlling of nitrogen 
oxides (NOx) [Early, 1 994). Coal-fired power plants emit the largest amount of point 
source NOx [USEPA, 1994]. The Clean Air Act Amendments of 1 990 also regulate NOx 
emissions from stationary sources in order to achieve the NAAQS for ozone. As a result, 
proposed new power plants and expansions to existing power plants as well as other 
significant sources of ozone precursors may be required to demonstrate that emissions 
from their facilities will not have an adverse affect on ozone concentrations in regions 
designated as nonattainment of the NAAQS for ozone by the U.S EPA [Mcilvaine, 
1 994]. 
A study was conducted by the University's Department of Civil & Environmental 
Engineering and funded by the Tennessee Department of Environmental and 
Conservation's Division of Air Pollution Control in order to develop and demonstrate a 
protocol that could be used to evaluate the potential impact of NOx- emitting sources on 
the three Class I areas. The three Prevention of Significant Deterioration (PSD) Class I 
areas in or near East Tennessee are the Great Smoky Mountains National Park 
(GSMNP), Joyce Kilmer-Siiprock Wilderness Area (JKWA), and Cohutta Wilderness 
Area (CWA). The impacts are predominantly associated with damage to vegetation 
which occurs at concentrations lower than the NAAQS. The overall study was conducted 
in three phases. The first phase was the continued development and demonstration of 
the utility of the Mapping Areawide Predictions of Ozone model (MAP-03) as reported 
by Mcilvaine and Miller [1 996]. This model was used as a screening tool to predict the 
specific dates (and meteorological events) that should be further modeled using the 
more complex Urban Airshed Model (UAM). The MAP-03 identifies h igh ozone potential 
day(s) and assesses the magnitude and spatial impact of emissions from single large 
point sources on a particular target over an ozone season or seasons. This is based on 
a series of simplifying assumptions that make its implementation faster and less 
expensive than a more refined analysis such as is done with the UAM. 
The second phase was conducted and reported by Brew [Brew, 1 996] in which 
UAM wind and emissions input files were constructed which matched the MAP-03 input 
data. This modeling effort conducted by Brew, while rigorous in its use of the UAM, was 
not able to show and account for multiple point source or mobile source interactions 
between a hypothetical new source and the surrounding sources since it used a 
constant emissions density for existing sources. The emissions file was constructed 
using a constant emission density of both anthropogenic and biogenic emissions 
throughout the modeling domain. The third phase of the overall study, reported herein, 
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was an extension of Mcilvaine's [Mcilvaine and Miller, 1 996] and Brew's [1 996] work 
using a comprehensive inventory-based emissions provided by the State of Tennessee 
for the East Tennessee area in an effort to provide the most accurate assessment of the 
potential impacts of hypothetical sources. 
The East Tennessee Modeling Domain (ETMD) consists of 94 counties within six 
different states. The states are Tennessee, North Carolina, South Carolina, Georgia, 
Kentucky and Virginia and the corresponding number of counties are 40, 22, 8, 1 7, 4, 
and 3, respectively. The domain was divided into a 66 by 46 gridded array with a total 
area of 75,900 km2. The grid cells were 5 km on each side, and the domain had 5 
vertical layers which varied in height due to hourly variations in meteorological 
conditions. The dates and meteorological conditions were based on 1 990 [Mcilvaine and 
Miller, 1 996]. The emissions inventories were for the year of 1 993. The selection of days 
to be modeled was based on the Mapping Areawide Predictions of Ozone model (MAP-
03) results [Mcilvaine and Miller, 1 996]. Since this work is an extension of Brew's work 
[1 996] , the days and the four hypothetical source locations remained the same. The 
differences between earlier modeling work and this work lie primarily in the treatment of 
the biogenic emissions and the emission inventory. Brew [1 996] used biogenic 
emissions of one East Tennessee County (Campbell) which was assumed to be 
representative of the ETMD based on PCBEIS-2 and smoothed the emissions over the 
entire domain. This study used UAMBEIS-2 which is an hourly gridded emissions model 
contained within the Urban Airshed Model and varies from county to county. Also Brew 
[1 996] did not include point source emissions whereas this study util ized the detailed 
emission inventory prepared by Nandita Bandyopadhya of the Tennessee Department 
of Environment and Conservation, Division of Air Pollution Control (TDEC, DAPC) based 
on 1 993 emissions. The objectives of this study were to model hypothetical emissions of 
NOx point sources in East Tennessee and their impact on ozone formation and to 
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compare this more complex modeling approach to the simpler approaches used by 
Mcilvaine and Miller [1 996] and Brew [1 996]. The end result of this study is a set of 
formal recommendations regarding the protocol that should be followed in modeling the 
impact of future proposed sources of ozone precursors in Tennessee that might have an 
impact on Class I areas. 
Five days to be modeled were selected for four hypothetical source locations in 
the ETMD in order to determine the impact on the GSMNP. The four source locations 
were the Knoxville Airport (McGhee Tyson), Tri-Cities (Bristol, Kingsport, and Johnson 
City) Airport, Crossville, and Cleveland. Four sizes of hypothetical NOx sources 
(1 00,000 tpy, 1 0,000 tpy, 1 ,000 tpy, and 1 00 tpy) were modeled for each day selected at 
each location (two days for McGhee-Tyson location). Also a base case scenario using 
background emissions (existing sources) with no additional point sources was modeled. 
A comparison of the basecase scenario with the hypothetical scenarios allowed the 
determination of the incremental ozone which was formed by adding the potential point 
source. The results from the UAM were then compared to Brew's [1 996] UAM results 
which had used "smoothed" biogenic emissions as a basecase emission inventory and 
to Mci lvaine and Miller's [1 996] MAP-03 results. 
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2. LITERATURE REVIEW 
Ozone (03) is a naturally occurring gaseous substance. It is found in both the 
troposphere (0-1 0 km) and the stratosphere (1 1 -50 km). The tropospheric 03 which is 
known as "ground level" 03 is one of the most pervasive air quality problems in the USA 
today. 03 and other photochemical oxidants in high concentrations at ground level 
cause increases in respiratory disease in humans, decreases in yield of crop plants and 
forests, and damage to materials due to deterioration. 
03 is considered a secondary pollutant formed in the atmosphere by 
photochemical reactions of nitrogen oxides (NOx) and volatile organic compounds 
(VOCs). These NOx and VOCs are known as precursors of 03 and are emitted from 
point sources such as power generation plants; area sources; mobile sources; and 
biogenic sources. 
2.1 Photochemistry of Ozone 
Numerous literature is found on 03 and the photochemical formation of ozone. 
Several l iterature reviews have been conducted at the University of Tennessee, 
Knoxville (UTK) in recent years summarizing 03 and its photochemistry [Bandyopadhya 
1 993, Brew 1 996, Mcilvaine 1 994, Early 1 994]. The 03 photochemistry can be 
summarized as follows [Fehsenfeld et al . ,  1 994]: 





NO + H02 -+ N02 + OH 
N02 + sunlight -+ NO+ 0 
0+ 02 -+03 
02 + NMHC + sunlight-+ 03 
The terms NMHC, H02, NO stand for nonmethane hydrocarbons, peroxy radicals, and 
nitric oxide, respectively. 
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03 concentrations vary from year to year [NRC 1 991 ]. The 03 season is usually 
defined from May 1 to September 30 in Tennessee [Mcilvaine 1 994]. June, July, and 
August are commonly referred to as months with peak ozone season emissions. 
Temperature is an important parameter for 03 formation. Higher temperature causes 
higher evaporative emissions and faster chemical reactions. In summer time NMHC 
(isoprene is the single largest NMHC) emitted by forests dominate the observed NMHC 
in rural areas of the southeastern United States [Fehsenfeld et al., 1 994]. Isoprene is a 
significant source of biogenic 03 precursor. Meteorological conditions are responsible 
for 03 production and fluctuation [Fehsenfeld et al., 1 994, Chock 1 991 ). 
The Clean Air Act Amendments of 1 990 require fixed percentage reduction in 
both VOC and NOx emissions. Accordingly, two major areas are classified: VOC-Iimited 
and NOx -limited. VOC-Iimited areas are areas in which small changes in  VOC 
emissions produced significant changes in ozone concentrations whereas NOx-limited 
areas are those where VOCs are already present in sufficient quantity that the NOx 
becomes the most sensitive pollutant affecting ozone concentrations. East Tennessee is 
one of the NOx-limited areas due to the large presence of naturally occurring VOCs 
[Fehsenfeld et al. ,  1 994, Mcilvaine and Miller, 1 996]. It is reported that the efficiency of 
conversion of airborne VOCs and NOx to 03 is greater in rural areas than in urban 
areas of this region. The report prepared by Southern Oxidants Study [Fehsenfeld et al. , 
1 994] discussed in detail the importance of the rural/urban interchange of 03 . In any 
urban area the amount of 03 observed is a combination of 03 produced from 
photochemical reactions of ozone precursor emissions (automobiles, power plants, etc.) 
and ozone transported from upwind of the urban area [Fehsenfeld et al., 1 994]. 
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2.2 Class I Areas and Ozone 
Class I areas were established under the Clean Air Act Amendments of 1 977 in 
order to protect air quality in regions where the air is already cleaner than is required by 
a NAAQS. Pristine areas including international and national parks, and national 
wilderness areas are defined as Class I areas. Very little deterioration is allowed in 
these areas. The GSMNP is one such Class I area located in the southern Appalachians 
on the border of Tennessee and North Carolina. Brew [1 996] discussed in detail the 
GSMNP and Class I areas. One of the main objective of this research was to focus on 
determination of the impact of ozone precursor sources on Class I areas in or near East 
Tennessee. 
The National Park Service has documented that vegetation injury occurs in the 
GSMNP from 03 at concentrations lower than the NAAQS ( 120 ppb) [Shaver et at., 
1 994]. Renfro [1 990] reported that a total of 60 GSMNP native plant species were 
potentially sensitive to 03. Visibility is also one of the air-quality-related values (AQRVs) 
of Class I areas. Visibility impairment is associated with the production of ozone. Several 
studies showed that the visibility in the GSMNP is low as compared to Class I areas in 
the western US [Reisinger et al. , 1 985, Renfro 1 990]. This visibility is poorest during the 
summer time which is commonly the tourist season as well as the ozone season. 
Reisinger et al. [1 985] showed that the air quality of GSMNP was influenced from the 
emissions of surrounding regions and the pollutants that were well mixed in the 
atmosphere prior to their arrival at the GSMNP. 
2.3 Urban Airshed Model (UAM) 
In an effort to evaluate the impact of ozone formation and its related effects, 
photochemical models have been developed. The Urban Airshed Model (UAM) is a 
three dimensional photochemical m'odel that simulates ozone formation in a gridded 
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modeling domain. The model calculates the concentrations of chemically inert and 
reactive species throughout the domain which are dependent of emission rates and 
meteorological conditions specific to each modeling scenario. The model is effective in 
accounting for temporal and spatial variations of each scenario including emission 
variations. The ozone formation is simulated by the Carbon Bond-IV chemical kinetic 
mechanism. This mechanism estimates the ozone forming potential of air pollutants by 
classifying the ozone precursors into 23 separate species depending on their particular 
characteristics. A species continuity equation then estimates the time rate of change of 
ozone concentration by calculating the diffusion, emission, reaction, removal, and 
transport of the species in the modeling domain [Morris et al. , 1 990]. 
The model inputs consist of initial and boundary conditions, meteorological, 
emissions data from sources of precursor pollutants, chemical reaction rates, and 
simulation control files for each particular episode to be modeled. The model has four 
output files, which consist of two concentration files (instantaneous or average), a 
deposition file, and an execution trace file. Figure 2 . 1  shows a flowchart of all UAM input 
and output files. 
The input files that are classified as air quality files include: ( 1 ) Airquality, (2) 
Boundary, (3) Topconc, and (4) Terrain. The Airquality file contains instantaneous 
background concentrations of the 23 species modeled by the UAM at the beginning of 
the simulation. The Boundary file specifies the concentrations of the 23 species around 
the perimeter of the modeling domain for the duration of the modeling scenario. The 
Topconc file also contains species concentrations for the duration of the modeling 
scenario, but it is for the top layer of the domain. The terrain file consists of surface 
roughness and deposition factors for each grid cell . 
The input files classified as meteorological data files consist of: ( 1 )  Diffbreak, (2) 
Regiontop, (3) Temperature, (4) Wind, and (5) Metscalars. These files are all based on 
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Figure 2. 1 .  Urban Airshed Model Program with Input and Output files. 
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day specific meteorological conditions and were constructed using UAM preprocessors 
as is described in Volume IV of the UAM User's Guide, with the exception of the Wind 
file for which a uniform wind field based on lower level readings from the airport nearest 
the source location was used. Since there were no ROM simulations available for the 
days that were selected to be modeled is why no ROM-UAM preprocessors were used 
to construct these fi les. 
The files that are considered emission files include ( 1 )  Ptsource, and (2) 
Emissions. The Ptsource file is a gridded elevated point source emission fi le that 
specifies stack parameters, such as stack height, flow rate, and temperature, and the 
grid cell location of each point source. The Emissions file specifies the temporally 
gridded information of all other ground-level biogenic and anthropogenic emissions. 
A chemical reaction rate file (Chemparam), and simulation control file 
(Simcontrol) are the final input files required by the UAM. The Chemparam file contains 
information on the chemical species to be simulated, such as reaction rate constants, 
and the Simcontrol file is used to specify the duration of the modeling scenario and any 
flags that are to be set for each modeling episode [Morris et al. ,  1 990]. 
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3. EMISSIONS INVENTORY FOR MODELING DOMAIN 
The actual 1 993 emissions inventory furnished by the Tennessee Division of Air 
Pollution Control (TDAPC) was used to run UAM for the selected days. The major 
source categories for emissions inventories were: mobile sources (on-road and nonroad 
nonstationary), point sources (power plant, small industry), and area sources (smaller, 
stationary sources and sources covering a geographical area such as solid waste 
landfil ls). The emissions inventory provided by the state only covered the Tennessee 
counties in the ETMD. Biogenic emissions were found using UAM-BEIS2. 
3.1 Emission Sources 
The modeling domain used for this study is shown in Figure 3. 1 .  Sixty six SCC 
categories of VOC and 28 SCC categories of NOx were inventoried under area sources. 
It is to be noted, however, that 'industrial wood' source category did not have any 
emissions. SCC categories are listed in Appendix A and the area and mobile sources 
emissions inventories for Tennessee counties are shown in Figures A. 1 -A.5. The major 
area VOC source categories are the following: residential wood; pleasure craft (2-stroke 
and 4-stroke gas inboards); architectural coatings; auto refinishing; metal furniture and 
fixtures; dry cleaning; graphic arts; commercial/consumer solvent use; bulk storage 
plants; tank truck unloading (stage 1 ); vehicle refueling (stage 2); residential open 
burning; municipal solid waste landfills and agricultural pesticides. The major area NOx 
source categories include industrial natural gas, pleasure craft (inboards diesels) and 
residential open burning. 
Mobile sources include on-road and nonroad sources. Mobile sources are a 
major source of 03 precursor emissions in urban and rural areas [Fehsenfeld et al. , 
1 994]. Mobile source emission include NOx . CO and a wide variety of VOCs. The major 
mobile source categories are light and heavy duty gasoline vehicles (LDGV, HDGV), 
light duty gasoline trucks1 and 2 (LDGT1 , LDGT2), light and heavy duty diesel vehicles 
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Figure 3. 1 .  Modeling Domain; Including State, County, and Class I Areas. 
(LOOV, HOOV), light duty diesel trucks (LOOT), and motorcycles. Tables 3. 1 -3.4 show 
the mobile and area source VOC, NOx , and CO emissions in the ETMO. These tables 
list the counties including their FIPS code. 
For Tennessee counties which were only partially located within the ETMO, the 
area source emissions were prorated based on the fraction of land area within the 
domain. For non-Tennessee counties, the following averaging procedure was used for 
estimating corresponding area source emissions: 
(a) Tennessee counties within the ETMO and bordering Kentucky and Virginia were 
defined as 1 -boundary. 
(b) Tennessee counties within the ETMO and bordering North Carolina, South Carolina 
and Georgia were defined as 2-boundary. 
(c) The average per capita emission factors (tons/person/day) were then determined for 
the counties within 1 -boundary and 2-boundary, respectively. These average per 
capita emission factors were then applied to each of the counties in the bordering 
states to estimate the emissions for the non-Tennessee counties. 
(d) The sum of per capita emissions was divided equally between sec categories ( 65 
for VOC and 27 for NOx ) to derive emission factors for the respective boundaries. 
Then, this emission factor was applied to the respective populations in the non­
Tennessee counties to estimate emissions. As earlier, attention was paid to areal 
coverage (assumed to be proportional to population) of a specific county within the 
ETMO. 
(e) A similar averaging technique was applied to mobile source emissions (VOC, CO 
and NOx )  which contained 80 SCC categories. 
The above procedures afforded reasonable emission estimates for non-Tennessee 
counties for which actual emissions were not available. 




Table 3.1 . Area Source Emissions for Tennessee Counties. 







































































































Land (km2) Pop voc co 
1 1 .804454 0.00 
3.1427615 0.00 
1 ,447 88,667 12.700482 0.00 
851 74,857 13.4986 0.00 
1 ,243 35,401 4.235896 0.00 
883 51 ,865 5.919543 0.00 
1 ,125 26,663 7.063116 0.00 
612 7,234 0.2629452 0.00 




1 ,61 1 56,415  9.161325 0.00 
1 ,070 145,052 14.970933 0.00 
1 ,405 287,971 31 .968893 0.00 
576 6,625 2.201623 0.00 
1 ,261 45,367 5.1 12724 0.00 
7.714875 0.00 
773 14,143 3.234873 0.00 




1 ,645 30,902 5.108891 0.00 
8.922541 0.00 
2.1451696 0.00 
422 4,527 1 .4991 14 0.00 
1 ,127 13,749 1 .593804 0.00 
1 .7172886 0.00 
6.507798 0.00 
5.161834 0.00 
1 ,378 18,593 2.202399 0.00 
0.7568276 0.00 
1 ,534 53;201 --7.494529 0.00 
19.354022 0.00 
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Table 3.2. Mobile Source Emissions for Tennessee Counties. 
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Table 3.3. Area Source Emissions for Non-Tennessee Counties. 
j I ! I 
AREA SOURCE EMISSIONS (tpd) I 2-Bdy: 
I I I voc ! NOx I co I I ; 
North Carolina ! : 1 991 ' i 0.00000241 0.00000161 0.0000000 
County i FIPS Pop ' Area(km2) I %Area I 
l ; ' i I I I ' 
1 1Ashe i 37009 : 22,433 ; 1 ,1 04 !  5 1 0.0027 1 0.001 8 : 0.0 
2 1Avery I 3701 1 · 1 5,036 ' 640 1 1001 0.03621 0.0236 . 0.0 ' 
3! Buncombe ' 37021 i 1 77,967 • 1 ,700 1 00 .  0.4287 1 0.2797 . 0.0 
4 Burke I 37023 ! 76,447 · 1 ,312 50 0.0921 1  0.0601 : 0.0 
5 I  Caidweii I 37027 ; 71 ,249 1 1 ,222 25 0.0429 1 0.0280! 0.0 
6 Cherokee 37039 ! 20,253 ! 1 ,1 79 1 00  0.0488 ' 0.031 8 i 0.0 -
7 1 Ciay 37043 ! 7,263 : 556 1 00  0.01 75 1 0.0 1 1 4 !  0.0 
8 Cleveland ! 37045 ! 85,779 ' 1 ,203 10 0.0207 1 0.0 1 35 ' 0.0 
9 Graham 37075 i 7,364 i 756 1 00  0.0177 0.01 1 6 1  0.0 
10 Haywood 37087 1 47,537 ! 1 ,435 100 0.1 145 0.0747 0.0 
1 1  Henderson 370891 70,798 i 968 100 0.1706 0.1 1 1 31 0.0 
1 2  Jackson 37099 27,254 i 1 ,271 1 00  0.0657 0.0428 0.0 
1 3  Macon 371 1 3 ·  23,929 ! 1 ,338 100 0.0576 0.0376 · 0.0 
14 Madison 371 1 5 1  1 7,176 1  1 ,1 64  1 00  0.0414 0.0270! 0.0 
1 5  McDowell I 371 1 1  i 36,089 1 1 ,144 100 0.0869 0.0567 0.0 
1 6  Mitchell I 37121 1 14,490 i 574 100 0.0349 0.0228 0.0 
1 7  Polk I 37149 14,574 ; 616 100 0.0351 0.0229 1 0.0 
1 8  Rutherford 37161 57,550 1 1 ,461 98 0.1359 0.0886 ! 0.0 
1 9  Swain 37173 1 1 1 ,461 ; 1 ,368 1 00  0.0276 0.01 80! 0.0 
20 Transylvania I 371 75 1 25,734 : 980 100 0.0620 0.04041 0.0 
21 Watauga 37189 37,398 ! 810 60 0.0541 0.0353 ! 0.0 
22 Yancey 37199 1 5,687 1 809 100 0.0378 0.0247 0.0 
I ! i 
: 1 .6314 1 .0641 0.0 
I I I 
I ! 
; 1 . I I ' 2-Bdy: 
voc NOx I co 
South Carolina 1 991 ! 0.0000024 0.0000016 0.0000000 
County FIPS Pop j Area(km2) 0Mtea l 
i 
1 Anderson 45007 146,285 1 ,860 50 0.1 762 0.1 149 0.0 
2 Cherokee 45021 45,250 1 1 ,017 20 0.0218 0.0142 0.0 
3 Greenville 45045 323,615 2,052 98 0.7640 0.4984 0.0 
4 Laurens 45059 58,625 1 ,847 40 0.0565 0.0369 0.0 
5 Oconee 45073 58,21 2  1 ,619 98 0.1 374 0.0896 0.0 
6 Pickens 45077 96,920 1 ,287 1 00  0.2335 0.1 523 0.0 
7 Spartanburg 45083 230,594 2,1 00  1 00  0.5555 0.3624 0.0 
8 Union 45087 30,556 1 1 ,332 30 0.0221 0.0144 0.0 
1 .9671 1 .2831 0.0 
I I I I 
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Table 3.3. Area Source Emissions for Non-Tennessee Counties (contd.). 
2-Bcly: 
voc NOx co 
Georgia 1 991 0.0000024 0.0000016 0.0000000 
County FIPS Pop Area(km2) %Area 
1 Catoosa 13047 43,234 420 100 0.1 042 0.0679 0.0 
2 Chattooga 13055 22,469 813 10 0.0054 0.0035 0.0 
3 Dawson 13085 9,895 547 5 0.0012 0.0008 0.0 
4 Fannin 131 1 1  16,233 999 100 0.0391 0.0255 0.0 
5 Floyd 131 1 5  81 ,850 1 ,329 5 0.0099 0.0064 0.0 
6 Gilmer 13123 1 3,930 1 ,105 98 0.0329 0.0215 0.0 
7 Gordon 13129 35,71 7 920 25 0.021 5 0.0140 0.0 
8 Habersham 13137 28,085 721 85 0.0575 0.0375 0.0 
9 Lumpkin 13187 1 5,028 737 50 0.0181 0.01 1 8  0.0 
1 0  Murray 1 3213 27,120 892 1 00 0.0653 0.0426 0.0 
1 1  Rabun 13241 1 1 ,830 961 1 00 0.0285 0.0186 0.0 
1 2  Stephens 1 3257 23,628 464 50 0.0285 0.0186 0.0 
1 3  Towns 13281 6,894 431 100 0.01 66 0.01 08 0.0 
1 4  Union 1 3291 12,398 836 100 0.0299 0.01 95 0.0 
1 5  Walker 13295 58,950 1 .1 56 60 0.0852 0.0556 0.0 
1 6  White 1331 1 1 3,387 626 85 0.0274 0.0179 0.0 
1 7  Whitfield 13313 73,1 1 3  751 100 0.1761 0.1 149 0.0 
0.7473 0.4874 0.0 
1-Bcly: 
voc NOx co 
Kentucky 1 991 0.0000033 0.0000018 0.0000000 
County FIPS Pop Area(km2) %Area 
1 Bell 21013 31 ,079 934 10 0.0103 0.0055 0.0 
-2 McCreary 21 147 1 5,734 1 ,1 08 5 0.0026 0.0014 0.0 
3 Wayne 21231 1 7,629 1 , 190 2 0.0012 0.0006 0.0 
4 Whitley 21 235 33,544 1 ,140 5 0.0055 0.0030 0.0 
0.0196 0.01 06 0.0 
1 -Bcly: 
VOC NOx co 
Virginia 1991 0.0000033 0.0000018 0.0000000 
County FIPS Pop Area(km2) %Area 
1 Lee 51 1 05 24,448 1 ,1 32 5 0.0040 0.0022 0.0 
2 Scott 51 169 23,1 07 1 ,390 8 0.0061 0.0033 0.0 
3 Washington 51 191 46,598 1 ,461 2 0.0031 0.0017 0.0 
0.0132 0.0071 0.0 
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Table 3.4. Mobile Source Emissions for Non-Tennessee Counties. 
! I ' ! ' ; 
MOBILE SOURCE EMISSIONS (tpd) : ' i :2-Bcly: 
I i ' ! voc I NOx i co 
North Carolina I 1 991 ' ! 1 o.ooooo1o 0.0000013 0.0000088 I 
! County FIPS i Pop : Area(km2)i %Area 
: I ! 1---- ' : 1 Ashe 37009 22,4331 1 , 1 04  5 1 0.001 1 0.0014 0.0098 
2 Avery I 3701 1 1 5,036 640 100!  0.0150 0.0188 0.1318 
3 Buncombe i 37021 / 1 77,967 i 1 ,700 j 1 00 i  0.1 780 0.2225 1 .5594 
4 Bui'Xe ! 37023 76,447 : 1 ,312 50 1 0.0382 0.04781 0.3349 
5 Caldwell 37027 71 ,249 ! 1 ,222 / 25 i 0.0178 0.0223 0.1561 
6 Cherokee 37039 20,253 1 ,179 1 00 1  0.0203 0.0253 0.1775 
7 Clay 37043 7,263! 556 1 00 ;  0.0073 0.0091 ! 0.0636 
8 Cleveland 37045 85,779i 1 ,203 1 0 1  0.0086 0.01 07i 0.0752 
9 Graham 37075 7,364! 756 1 00 !  0.0074 0.0092 0.0645 
1 0  Haywood 37087 47,537 1 1 ,435 1 00  0.0475 0.0594 / 0.4165 
1 1  Henderson 37089 70,798 1 968 1 00  0.0708 0.0885 0.6204 
1 2  Jackson 37099 27,254! 1 ,271 1 00 0.0273 0.0341 , 0.2388 
1 3  Macon 371 13 23,929 1 ,338 100 0.0239 0.0299 0.2097 
14 Madison 371 15 17, 1 76 1 1 ,164 100 0.0172 0.02 1 5  0.1 505 
1 5  McDowell 371 1 1  36,089 ! 1 ,1 44  100 0.0361 0.0451 ; 0.3162 
1 6  Mitchell 37121 14,490 574 1 00  0.0145 0.0181 0.1270 
1 7  Polk 37149 14,574! 616 100 0.0146 0.01 82 0.1277 
1 8  Rutherford 37161 57,550 i 1 ,461 98 0.0564 0.0705 0.4942 
1 9  Swain 37173 1 1 ,461 1 1 ,368 1 00  0.01 1 5  0.0143/ 0.1 004  -
20 Transylvania 371 75 1 25,734 ; 980 1 00  0.0257 0.0322 ! 0.2255 
21 Watauga 371891 37,398 810 60 0.0224 0.0280 0.1 966 
22 Yancey 37199 1 5,687 1 809 100 0.0157 0.01961  0.1375 
; ! 





voc NOx I co 
South Carolina 1 991 0.0000010 0.00000131 0.0000088 
County FIPS Pop Area(km2) %Area I 
I 
1 Anderson 45007 146,285! 1 ,860 50 0.0731 0.0914 0.6409 
2 Cherokee 45021 45,250 1 ,017 20 0.0091 0.01 1 3  0.0793 
3 Greenville 45045 323,615 2,052 98 0.3171 0.3964 2.7790 
4 Laurens 45059 58,625 1 ,847 40 0.0235 0.0293 0.2055 
5 Oconee 45073 58,212 1 ,619 98 0.0570 0.07 1 3  0.4999 
6 Pickens 45077 96,920 1 ,287 1 00  0.0969 0.1212 0.8493 
7 Spartanburg 45083 230,594 2,100 100 0.2306 0.2882 2.0206 
8 Union 45087 30,556 1 ,332 30 0.0092 0.01 1 5  0.0803 
' 
I 0.8165 1 .0206 7.1 547 
! i I I I 
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Table 3.4. Mobile Source Emissions for Non-Tennessee Counties (contd.). 
I : ! I I ! 
I ' ! 12-Bdy: I ' ! I : : l voc ! NOx I co 
Georgia I j I 1991 I 0.0000010 0.0000013 0.0000088 
County FIPS Pop · Area(km2) %Area ! 
i ' I I ! 
1 :Catoosa 13047 : 43,234 : 420 1 100 0.0432 0.0540 = 0.3788 
2 :  Chattooga 130551 22,469 . 81 3 10 0.0022 0.0028 ! 0.0197 
3 I Dawson I 13085 i 9,895 i 547 5 0.0005 0.0006 i 0.0043 
4iFannin ; 131 1 1 ! 16,233 ; 999 100 0.0162 0.0203 ! 0.1422 
5I Fioyd ! 131 1 5  81 ,850 1 1 ,329 5 0.0041 0.0051 0.0359 
6 Gilmer 13123 1  13,930 1 1 , 105 98 0.0137 0.01 71 ! 0.1 1 96  
7 !Gordon I 13129 35,71 7 :  920 25 0.0089 0.01 12 0.0782 
8 1  Habersham 13137 28,085 : 721 85 0.0239 0.0298 0.2092 
9 Lumpkin 131 87 1 5,028 737 50 0.0075 0.0094 0.0658 
10 i Murray 13213 27,120 892 100 0.0271 0.0339 0.2376 
1 1  Rabun I 13241 1 1 1 ,830 961 1 00  0.01 18 0.0148 0.1 037 
12 Stephens 13257 . 23,628 ! 464 50 0.01 1 8  0.0148 0.1035 
13 Towns ! 13281 1 6,894 1 431 100 0.0069 0.0086 1 0.0604 
14 Union ! 13291 1 2,398 1 836 1 00  0.0124 0.0155 1 0.1 086 
1 5  Walker 13295 58,950 1 1 , 156 60 0.0354 0.0442 0.3099 
16 White 1331 1 1 3,387 626 85 0.01 14 0.0142 0.0997 
1 7  Whitfield 13313 73, 1 1 3  751 100 0.0731 0.0914 0.6407 
' I I I 
i I 0.310� o.38nl 2.7180 ' 
i I 
I 1-Bdy: i I ! i voc NOx I co i 
Kentucky 1991 ! 0.0000007 0.00000091 0.0000062 
County FIPS Pop 1 Area(km2) %Area I I 
I ' 
1 Bell 21013 31 ,079 934 1 0  0.0023 0.0029 ! 0.0193 
-2 McCreary 21147 1 5,734/ 1 ,1 08 5 0.0006 0.0007 ! 0.0049 
3 Wayne 21231 1 7,629 1 ,190 2 0.0003 0.00031  0.0022 
4 Whitley 21235 33,544 1 ,140 5 0.001 2  0.0016 0.0104 
I I 
I 0.0043 0.0056 0.0368 
I 
1-Bdy: 
voc NOx i co 
Virginia 1 991 0.0000007 0.00000091_ 0.0000062 
County FIPS Pop Area(km2) %Area I 
1 Lee 51 105 24,448 1 ,1 32 5 0.0009 0.001 1 0.0076 
2 Scott 51 169 23,1 07 1 ,390 8 0.001 3 0.001 7 0.01 15 
3 Washington 51 1 91 46,598 1 ,461 2 0.0007 0.0009 0.0058 
I I 0.0029 0.00381 0.0249 I 
19 
smokestacks on a boiler and wastewater treatment ponds [Cawlfield 1 994]. In  contrast 
to area and mobile source, TDAPC was able to provide 1 993 actual point source 
emissions for the entire ETMD, including non-Tennessee counties. Thus, no further data 
manipulation was necessary for point source emissions. Some major elevated point 
sources in the ETMD are listed in Table 3.5. The other point sources are shown in 
tabular form in Appendix A. 
Biogenic emissions were calculated using the Urban Airshed Model Biogenic 
Emissions Inventory System, version 2.0 (UAM-BEIS2) [USEPA, 1 995]. UAM-BEIS2 
provides gridded emissions which vary county by county. The procedures for running 
UAM-BEIS2 are described in Chapter 4. The distribution of VOC and NOx among the 
types of sources discussed is presented in Figure 3.2. 
3.2 Surrogates for Emission Sources 
A gridded surrogate file was created for the ETMD to allocate emissions of area, 
mobile, and biogenic to individual grid cells. The Emissions Preprocessor Program 
(EPS2) [USEPA, 1 992] uses this surrogate file in order to allocate the county-level 
emissions to smaller, uniform grid cells which is eventually used by UAM. Cawlfield 
[1 994] discussed in detail the procedures used in creating surrogates. The surrogate file 
contains information on the distribution of 1 5  categories of surrogates. These are 1 )  
county area, 2) population, 3) households, 4) urban, 5) agriculture, 6) range, 7) 
deciduous forest, 8) coniferous forest, 9) mixed forest, 1 0) water, 1 1 ) barren, 1 2) 
nonforested wetlands, 1 3) mixed agriculture/range, 14) rocky with lichens, and 1 5) rural. 
Steps in the creation of the gridded surrogate file 'SURROGAT.DAr were as follows: 
(a) The 66 x 46 grid net was superimposed on a county-level map of the ETMD. Every 
grid cell was assigned to a specific county based on its areal coverage of county 
territory. Thus, grids interposed between adjoining counties were assigned to counties 
which contained greater than 50% of grid cell coverage. 
(b) County area surrogates were estimated for each grid cell as a fraction of total cell 
coverage for the respective county, e.g. ,  if a given county had 4 grid cells in it, then each 
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Table 3.5. Major Point Sources Emitting VOC and NOx in the ETMD. 
Name of the Company County, State NOx (tpy) VOC(tpy) 
TV A Bull Run Steam Plant Anderson, TN 1 5603.00 1 26.87 
Aluminum Co. of America Blount, TN 1 1 56.00 822.00 
BASF Fibers Hamblen, TN 5304.00 5847. 35 
E. I. Dupont Denemours Hamilton, TN 1 1 03.41 6.60 
TV A John Sevier Power Plant Hawkins, TN 14947.00 1 20.00 
Holston Army Ammunition Plant Hawkins, TN 986.00 1 065. 1 0  
AFG Industries Hawkins, TN 7480.00 376.90 
Dixie Cement Co. Knox, TN 2257.00 -
Kingston Steam Plant Roane, TN 1 9892.00 80.30 
Tennessee Eastman Co. , Sullivan, TN 944.87 1 2559.88 
Mead Corp. Sullivan, TN 5028.00 559.00 
Shaw Industries Whitfield, GA - 284.00 
Carolina Power & Light Buncombe, NC 14484.00 -
Champion International Corp. Haywood, NC 4252.00 673.00 
Duke Power Co. Rutherford, NC 6038.00 54.39 
P. H. Glatfelter Co. Transylvania, NC 1 778.00 93.00 





Figure 3.2. The Distribution of VOC and NOx in the ETMD as Area, Mobile, Point, and 
Biogenic Source-type. 
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cell had a 25% coverage. 
(c) A slightly different approach was adopted for population surrogates for each grid cell 
within a county. Based on 1 990 U.S. census data, every grid cell was assigned its 
appropriate Population Tract/ BNA number. The census data provided population data 
corresponding to every Tract/BNA number. Thus, it was possible to calculate the 
percentage of the county's population within every Tract/BNA of interest. For cases 
which had multiple grid cells within a single Tract/BNA, the population surrogate fraction 
was equally distributed between the cells, assuming a uniform distribution within a given 
Tract/BNA. 
(d) For every county, both county area and population surrogate fractions were 
respectively checked to ensure that they summed to unity. 
The county area surrogates were used for agriculture, deciduous and coniferous 
forest, water, mixed forest, mixed agriculture, and rural. Similarly, surrogates for 
households and urban were the same as for population. The surrogate categories of 
"range" and "mixed forests" were not used in the inventory. Two additional surrogate 
files were created for airports and interstates since this information was readily 
available. For convenience, the unused "range' and "mixed forests" files were used for 
airports and intestates, respectively. Accordingly, the existing cross reference file, 
SCCSRG.XRF, from MTMD [Cawlfield, 1 994] was changed to reflect these 
substitutions. 
The interstate surrogate based upon vehicle miles traveled (VMT) was used only 
for Tennessee. The Tennessee City and County Traffic Maps Showing 1992 Average 
Daily Traffic [TOOT] showed the weighting factor to use on each length of interstate. 
The value assigned to each grid cell in the Tennessee county was computed as follows 
[Cawlfield, 1 994]: 
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j = section of interstate measured 
L = number of interstate lengths in cell i 
The interstate surrogates for other states outside of Tennessee were calculated based 
on the fraction of total interstates in a cell for a county. The same method was used for 
the airport surrogate. Zeroes (0) were put in the surrogate file for barren, nonforested 
wetlands, and rocky with lichens surrogates, as there were no emission from these 
source categories in the modeling domain. 
24 
� MODEUNG PROCEDURES 
The Emissions Preprocessor System version 2.0 (EPS2) handles point, area, 
mobile, and biogenic sources separately. EPS2 provides spatially gridded, chemically 
speciated, temporally allocated, episode-specific format emissions. Finally EPS2 
merges the different types of sources together as required by UAM [USEPA, 1 992]. The 
overview of EPS2 is shown in Figure 4. 1 .  Cawlfield [1 994] summarized the EPS2 
programs and data files in detail . Butala [1 994] discussed in detail the temporal 
allocation of 03 precursor emissions within a modeling domain. 
4.1 Selection of Days to be Modeled in ETMD & UAM Input Files 
Brew [1 996) discussed the five days which were chosen to be modeled in the 
ETMD as well as the 1 3  input files for UAM. Basically, MAP-03 results were taken as 
the baseline for the selection of these five days: June 14, June 30, July 7, July 1 0, and 
July 25. The wind trajectories for these five days were analyzed first in order to see 
whether the wind trajectory hit the GSMNP [Mcilvaine and Miller, 1 996]. 
All input files remained the same as in Brew (1 996] except emissions and point 
source files. Brew [1 996] constructed the UAM emissions input files from biogenic and 
anthropogenic emissions which were used for the MAP-03 simulations [Mcilvaine, 1 994] 
without a detailed emissions inventory. As a result, there were no specific point sources 
in the domain. In addition, Brew did not use EPS2 programs to construct emissions file. 
This study, however, used the actual emissions inventory and used EPS2 to construct 
the emissions files. 
In the case of hypothetical NOx source sizes (e.g.  1 00,000 tpy) a point source 
was added in the original point source file according to source size. The input values of 
NO and N02 used for the UAM point source file for each of the modeling scenarios as 
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Figure 4. 1 .  Overview of the Emissions Preprocessor System 2.0. 
MRG UAM 
Marga multiple 
U.AM low levol 
emissio" ruu 
Margaa. UAM/ amllllona 
Sourece: U.S, EPA, User's Guide for the Urban Airshed Model, Vol. IV: User's Manual 
for the Emissions Preprocessor System 2.0, Part A: Core Fortran System, Office of Air 
Quality Planning and Standards, EPA-450/4-90-0070, June 1 992. 
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Table 4.1 . NO and N02 UAM Point Source Emission File Input values. 
Emission Rate Emission Rate Emission Rate 
(tpy NOx) NO (g·mol/hr) N02 (g·mol/hr) 
1 00 1 68.85 56.28 
1 000 1 688.47 562.82 
1 0000 1 6884.68 5628.23 
1 00000 1 68846.78 56282.26 
Source: Brew, Donald W., "Effects of Hypothetical NOx sources in East Tennessee on 
the Ozone Concentrations Impacting the GSMNP," Thesis: The University of 
Tennessee, Knoxville, 1 996. 
4.2 UAM-BEIS2 
UAM-BEIS2 is a two stage program and uses a comfile. The first part of the 
program creates a normalized emissions file which contains nitrogen oxide, 
monoterpene, isoprene, and VOC biogenic emissions from the eight major landuse 
categories: pine, deciduous, coniferous, agriculture, other, forest, grass, and wetland 
forest. This normalized file is not an adjusted file for temperature or solar radiation. It is 
a seasonal file and can be used for many different temporal scenarios. The second part 
of UAM-BEIS2 applies temperature and solar radiation adjustments and uses the 
normalized emissions file as an input file in order to create the biogenic emissions file. 
This file contains hourly gridded biogenic emissions rates for olefins, paraffins, 
isoprenes, aldehydes, and nitrogen oxide. The file descriptions and running procedures 
are given in the user's guide [USEPA, 1 995]. However, many changes had to make in 
order to run UAM-BEIS2. The changes are discussed below. 
UAM-BEIS2 uses five input files and user supplied program control data. 
Besides, UAM-BEIS2 requires the same surrogate file that is used as an input to the 
EPS2 module GRDEM. A grid definition file called 'GRIDDEF' was used to define the 
modeling domain.  Local time shifted from Greenwich Mean Time (GMT) is used in the 
'GRIDDEF' file. This shift is known as the GMTSHIFT. The user's guide 
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recommendation, to use 5 as the 'GMTSHIFT' for eastern standard time, appears to be 
incorrect. It was observed that the zenith angles which were used to ca.lculate the 
isoprene emissions for different hours of a day were not correct. The zenith angle was 
shifted plus five hours from the usual zenith angle of a day. Zero (0) was input for 
'GMTSHIFT' in the 'GRIDDEF' file instead of 5. Thus the problem was solved for zenith 
angle when this change was made. 
Another change was made in the surface meteorology file. The surface 
meteorology file, 'SURMET,' contains hourly surface meteorology data in the domain. 
Data from Knoxville, Chattanooga, and Tri-Cities surface meteorological stations of the 
ETMD were used in the SURMET file. These stations' data were used in order to 
correctly interpolate data across all grid cells of the UAM domain. There was, however, 
a discrepancy between the user's manual l ists of SURMET file and the associated 
program code of 'BEISUTIL.' The BEISUTIL is a utility program which uses this 
SURMET file as one of the input files. This discrepancy is shown in Table 4.2. The 
SURMET file was created according to the program lists. The user's manual needs to 
be changed. 
The met data from the stations contain total sky cover, opaque sky cover, lowest 
cloud height, wind speed, wind direction, and temperature. The other parameters as ( l isted in  Table 4.2 were obtained as follows. Lowest cloud cover was obtained by 
subtracting opaque sky cover from total sky cover. The same values were used for the 
second and third lowest cloud cover. The surface meteorological stations sometimes did 
not record the lowest cloud height. I n  that case 5000 m was input for the missing lowest 
cloud height. Second and third lowest cloud height were set to 5000 m which was the 
top of our modeling domain. Sea level and station pressure were assumed to be 1 
atmosphere. The dew point was obtained by subtracting 2° C from the lowest 
temperature of the day. 
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Table 4.2. User's Manual and BEISUTIL Program Lists for Surmet File of 
UAMBEIS-2. 
USER's MANUAL LIST BEISUTIL PGM. LIST . 
Station ID  (15.5) Station ID (15.5) 
Station latitude (deg. ,  F 6.2) ) Station latitude (deg. ,  F 6.2) ) 
Station longitude(deg. ,  F7.2) Station longitude(deg. ,  F7.2) 
Opaque sky cover (%, F5.0) Opaque sky cover (%, F5.0) 
Lowest cloud cover (%, F5.0) Total sky cover (%, F4.0) 
Lowest cloud height (m, F6.0) Lowest cloud cover (%, F5.0) 
2nd Lowest cloud cover (%, F5.0) Lowest cloud height (m, F6.0) 
2nd Lowest cloud height (m, F6.0) 2nd Lowest cloud cover (%, F5.0) 
3rd Lowest cloud cover (%, F5 .0) 2nd Lowest cloud height (m, F6.0) 
3rd Lowest cloud height (m, F6.0) 3rd Lowest cloud cover (%, F5.0) 
3rd Lowest cloud height (m, F6.0) 
Sea level pressure (atm. F8. 1 )  
Wind direction (degree, F7. 1 )  
Wind speed (m/sec, F7 . 1 )  
Temperature (K, F7. 1 )  
Dew point (K, F7 . 1  ) 
Station Pressure (atm . F8. 1 )  
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Finally, it was necessary to merge the mobile, area, and temporal point source 
files with the biogenic emission file using MRGUAM in EPS2. The MRGUAM did not run 
at first. The error message was that the biogenic header did not match the area header 
even though the same header information was used to obtain both area and biogenic 
emissions files. Therefore, the binary version of the biogenic emission file was converted 
to ASCI I  format using EPA's 'airascii.exe' preprocessor program. It was seen that the 
converted ascii file missed some of the header informations which was supposed to be 
present. Hence the header was changed accordingly so that it matched with the area 
sources emissions header. Then the edited ASCII  version was converted back to binary 
using 'airconv.exe' preprocessor. This time the files were merged together. When the 
merged message file was checked it was found that the isoprene which is the most 
reactive biogenic component for 03 formation disappeared from the biogenic emissions 
inventory. The chemical compound 'aerosol' was written in the message file instead of 
isoprene. 
In order to find a solution to the above mentioned problem several steps were 
taken. As a first step it was noticed that there were two other old preprocessors named 
'ascbin.exe' and 'binasc.exe' which could be used to convert files from ascii to binary 
and binary to ascii, respectively. The binary version of the biogenic emissions output 
from UAM-BEIS2 was converted to ascii format using 'binasc.exe' preprocessor. It was 
observed that the header information was the same as the area header. There was, 
however, no isoprene at al l  in the biogenic emissions inventory. Aerosol appeared this 
time instead of !soprene. The emissions values for aerosols were the same as 
previously obtained isoprene. Therefore, the term 'AERO' was changed where it 
appeared to ' ISOP' and converted back to a binary file using 'ascbin.exe' program.  After 
that all other emissions files (mobile, area, and temporal from point sources) were 
merged together. This time the message file from this merging gave proper values of 
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isoprene. Hence, the best procedure found was to convert the binary output of UAM­
BEIS2 biogenic emission to ascii version using 'binasc.exe' program; change the term 
'AERO' to ' ISOP'; convert back to binary using 'ascbin.exe' program; then merge with 
the other files. Mr. Chet Wayland of EPA's Air Quality Modeling Group has been notified 
of the above errors so that future versions of UAM-BEIS2 can be corrected . 
4.3 Comparisons Between UAM-BEIS2 and PCBEIS-2 
A comparison between the results of UAM-BEIS2 and PCBEIS-2 is presented in 
this section. This comparison provides insight into the differences in  UAM results 
described in Chapter 5 as performed by Brew [1 996] and this study. Brew [1 996] used 
Campbell County Tennessee biogenic emissions obtained from PCBEIS-2 as 
representative for the ETMD and used it through out the modeling domain. Since 
isoprene is the most reactive biogenic component for ozone formation, the isoprene 
emissions obtained by UAMBEIS-2 for the same meteorological data and Campbell 
County were compared with Brew's PCBEIS-2 results. The results compared in Table 
4.3 are for a single grid only. Total isoprene emissions per grid obtained by UAMBEIS-2 
are 271 25.7 gmols/day as compared to 331 58.2 gmols/day obtained by PCBEIS-2. 
4.4 Quality Check for Emissions 
Quality checks of the emissions inventory were performed on the data before 
running UAM. VOC and NOx density plots of combined area and mobile source 
emissions are shown in Figures 4.2 and 4.3. The original AIRS-AFS and AMS data files 
for area and mobile sources were edited for every county and were sorted according to 
pollutant code using a spreadsheet program. The total VOC and NOx emissions were 
then summed for each county. These emissions were then allocated using the 
population surrogate to each grid of a county. Thus, the value for every grid cell was 
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Table 4.3. Comparisons of Biogenic Isoprene Emissions Obtained by UAMBEIS-2 
and PCBEIS-2 for Campbell County (TN) in units of (gmol / hr). 
UAM 6-7 7-8 8-9 9-1 0 1 0-1 1 1 1 - 1 2-1 1 -2 2-3 
BEIS-2 a.m. a.m. a.m. a.m. a.m. noon p.m. p.m. p.m. 
I SOP 0.0 397.3 728.5 131 6.0 1 958.0 2460.3 3346.0 3683.0 3740.0 
3-4 4-5 5-6 6-7 7-8 8-9 9-1 0 1 0-1 1 1 1 p.m. 
p.m. p.m. p.m. p.m. p.m. p.m. p.m. p.m. 1 2a.m. 
I SOP 3740.0 3530.0 3238.0 2729.0 0.0 0.0 0.0 0.0 0.0 
PC 6-7 7-8 8-9 9-1 0 1 0-1 1 1 1 - 1 2-1 1 -2 2-3 
BEIS-2 a.m. a.m. a.m. a.m. a.m. noon p.m. p.m. p.m. 
I SOP 1 09. 1 9  716. 1 8  1 326.8 1 830. 1  2372.4 31 02.9 3340.4 3704.0 3826. 1 
3-4 4-5 5-6 6-7 7-8 8-9 9-1 0 1 0-1 1 1 1 p.m. 
p.m. p.m. p.m. p.m. p.m. p.m. p.m. p.m. 1 2a.m. 
I SOP 3732.3 3408.1  291 7.6 2094.9 677.21 0.0 0.0 0.0 0.0 
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Figure 4.2. Area and Mobile Sources VOC Emission Density Map in the ETMD. 
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Figure 4.3. Area and Mobile Sources NOx Emission Density Map in the ETMD. 
found. A simple FORTRAN program was used to arrange the emissions according to 
the grids of the modeling domain. The interstates, and the larger cities within the domain 
are clearly evident in Figures 4.2 and 4.3. Figures 4.4 and 4.5 show the elevated major 
point sources located within the ETMD. Figure 4.6 shows the biogenic VOC emissions 
density map of in the ETMD. 
In addition, another check was performed to verify the urban mobile sources NOx 
emissions. The mobile source category is one of the main sources for ozone formation 
in an urban area. Since Knoxville is a major city in the ETMD and is in Knox county, the 
Knox county mobile sources NOx emissions were checked to see whether the 
inventories were performed properly. The hourly mobile sources NOx emissions 
inventory provided by the TDAPC for any week day in the Knox county is given in Table 
4.4. Total NOx emissions were 622876 moles /day {31 .6 tons/day) which was consistent 
with 87.6 tons/day of emission in Nashville times the ratio of Knoxville's 1 73,000 
population to Nashville's 423,000 population [Vickers, 1988]. The hourly variation of NOx 
emissions from mobile sources in Knox county is plotted in Figure 4. 7. 
Mobile source NOx emissions varied from grid to grid. The highest and lowest 
NOx emissions at two different grids are shown in Table 4.5. The highest NOx emission 
from mobile sources occurred near the highly populated area and the lowest occurred 
near the rural area. This is primarily due to the difference in traffic volume in urban and 
rural areas. 
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Figure 4.4. Point Sources VOC Emission Density Map in the ETMD. 
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Figure 4.5. Point Sources NOx Emission Density Map in the ETMD. 
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Figure 4.6. Biogenic Sources VOC Emission Density Map in the ETMD. 
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Table 4.4 Mobile Source NOx Emission of Knox County. 
Hours Total NO Total N02 Total NOx 
(moles) (moles) (moles) 
0-1 14499.26 1 608.07 16 107.33 
1 -2 1 1 928.68 941 .81 1 2870.49 
2-3 7591 .66 851 .25 8442.91 
3-4 41 1 9.48 456.87 4576.35 
4-5 4703. 14 51 6.38 521 9.52 
5-6 5639.59 631 .49 6271 .08 
6-7 1 0793.53 1 077.78 1 1 871 .31 
7-8 33938.41 3764.22 37702.63 
8-9 51 989. 1 7  5675.55 57664.72 
9-1 0 351 02.50 3893. 1 9  38995.69 
1 0-1 1 27235.00 3023. 1 8  30258. 1 8  
1 1 -12 24560.70 2726. 1 6  27286.86 
1 2-1 3 32365.80 3572.31 35938. 1 1  
1 3-14 33791 .20 3730.91 37522 . 1 1 
14-1 5 28580.70 31 59.09 31 739.79 
1 5-1 6 30840.50 3403.79 34244.29 
1 6- 17  35790.30 3940. 1 5  39730.45 
1 7-18 40320.90 4441 .75 44762.65 
1 8-19 31 677. 1 0  3489. 1 2  351 66.22 
1 9-20 25890.30 2865.39 28755.69 
20-21 20554.40 2283.88 22828.28 
21-22 17636.30 1 954.00 1 9590.30 
22-23 1 6232.40 1 81 2.00 1 8044.40 
23-24 1 5542. 1 0  1 734.70 1 7276.80 
Total 561 ,323.1 2  61 ,553.04 622,876.1 6  
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Table 4.5 Highest & Lowest Mobile Source NOx Emission of Knox County. 
Highest (occurred @ Down Town Area) Lowest (occurred @ Rural Area) 
Hours NO N02 NOx NO N02 NOx 
(moles) (moles) (moles) (moles) (moles) (moles) 
0-1 1 91 3.50 212.23 21 25.73 27.23 3.02 30.25 
1 -2 1 706.34 1 89.25 1 895.59 17.76 1 .97 1 9.73 
2-3 1 1 90.34 1 32.02 1 322.36 6.86 0.76 7.62 
3-4 566.77 62.86 629.63 4. 1 3  0.45 4.58 
4-5 602.38 66.81 669. 1 9  6.91 0.76 7.67 
5-6 688.70 76.38 765.08 1 1 . 1 1  1 .23 1 2.34 
6-7 1 205.90 1 33.75 1 339.65 27.44 3.04 30.48 
7-8 4332.60 480.50 481 3. 1 0  79.30 8.79 88.09 
8-9 7524.30 834.50 8358.80 87.58 9.71 97.29 
9-1 0  4947.00 548.70 5495.70 59.99 6.65 66.64 
1 0-1 1 3940.00 403.40 4344.30 47.20 5.30 52.50 
1 1 -1 2 3501 .30 341 .70 3843.00 38.40 4.30 42.70 
12-1 3 4645.20 445. 1 0  5090.30 50.70 5.60 56.30 
1 3-14 4854.60 483.30 5337.90 56.30 5.88 62. 1 8  
14-1 5 41 06.70 396.30 4503.00 46.50 4.75 51 .25 
1 5-1 6 4423.50 437.50 4861 .00 49.50 5.04 54.54 
16-1 7 51 28.80 522.60 5651 .40 61 .50 6.30 67.80 
1 7-1 8 5774.40 573.80 6348.20 69.30 7.40 76.70 
1 8-1 9 4544.70 459.50 5004.20 56.50 6.00 62.50 
1 9-20 3701 .30 401 .20 41 02.50 46.40 4.80 51 .20 
20-21 2932.20 285.70 321 7.90 33.20 3.60 36.80 
21 -22 2501 .90 238.60 2740.50 30.00 3. 1 0  33. 1 0  
22-23 2303.80 224.70 2528.50 26.60 2.90 29.50 
23-0 2208.90 208.80 241 7.70 25.50 2.20 27.70 
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5. RESULTS AND DISCUSSIONS 
This chapter summarizes the results of the UAM runs conducted in this study. 
The major task faced in this part of the study was to create the surrogate file and run the 
EPS2 with the actual emissions inventory provided by the State. The procedures of 
execution of UAM are given by Brew [1 996] . Brew has previously compared his results 
with the MAP-03 run made by Mcilvaine [1 994]. The results of this study will be 
compared with Brew's results where constant emission densities were used. The five 
days of the UAM simulations were June 14, June 30, July 7, July 1 0, and July 25. The 
UAM simulations for each day included five episodes: a basecase plus four NOx source 
sizes (1 00; 1 ,000; 1 0,000; and 1 0,0000 tpy). Basecase scenario is the one without any 
hypothetical NOx source in the modeling domain. These five episodes were simulated 
with two different sets of biogenic emissions. The first set of biogenic emissions were 
obtained running the UAM-BEIS2 with real meteorological data in the 'SURMET' file. 
The second set of biogenic emissions were obtained with zero cloud cover in the 
'SURMET' file which represented a perfectly sunny day. Therefore, the first and second 
sets of UAM simulations are described here as the 'realmet' and 'sunnymet' scenarios. 
These two terms 'realmet' and 'sunnymet' will be frequently used in this report. 
Since biogenic emissions are dependent on temperature and cloud cover. Sunny 
day (sunnymet) produced much higher isoprene emissions than cloudy day (realmet) 
conditions. The June 1 4  total biogenic isoprene, paraffin, and olefins emissions obtained 
by UAMBEIS-2 for 'realmet', 'sunnymet' scenarios and PCBEIS-2 (used in Brew's 
simulation) for the ETMD are illustrated in Table 5. 1 .  It can be seen from the table that 
the UAMBEIS-2 'sunnymet' condition predicted 1 2% lower isoprene emissions than 
PCBEIS-2. The UAMBEIS-2 model predicted only 30% as much isoprene emissions for 
'realmet' conditions compared to 'sunnymet' conditions. 
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Also, it was found that the default boundary concentrations (non-temporally 
varying default - NTVD) placed at the boundary of the modeling domain interacted with 
the hypothetical NOx source emissions being modeled. This was reported and discussed 
by Brew, 1 996. The use of a NTVD boundary condition resulted in the formation of a 
discrepancy wave and supported the use of temporally varying predicted (TVP) 
concentrations [Brew, 1 996]. Thus, this study used the TVP boundary concentrations for 
the UAM simulations. The method of determination of TVP boundary concentrations 
remained the same as Brew [1 996] explained in his thesis. Tables in Appendices B and 
C show the detai l  results of all the UAM simulations. 
Table 5.1 .  Total Biogenic Emissions of Isoprene, Paraffin, and Olefins for June 14 
in the ETMD Obtained by UAM-BEIS2 and PCBEIS-2 in units of (gmol / day). 
UAMBEIS-2 (Sunny) UAMBEIS-2 (Real) PCBEIS-2 
I SOP 0.88E+08 0.26E+08 1 .00E+08 
PAR 0.95E+08 0.65E+08 0.35E+08 
OLE 0.64E+07 0.44E+07 0.44E+07 
5.1 Realmet Basecase Scenarios With NTVD Boundary Concentrations 
The 'realmet' basecase scenario was first simulated for each day being modeled 
to identify an appropriate cell to be used for the TVP boundary concentrations. Once the 
cell was chosen, then the basecase with corrected boundary (TVP) was run for realmet 
and sunnymet conditions for each day. The maximum ozone concentrations which 
occurred within the GSMNP and in the entire ETMD which resulted from basecase 
scenarios with NTVD boundary concentrations are given in Table 5.2 and are compared 
with Brew's results. In general, Brew's results using the constant emission density 
predicted 7-1 7  % higher basecase ozone concentrations within the GSMNP and 1 6  to 
35 % lower concentrations within the other parts of the domain. The maximum ozone 
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concentrations in the domain and in the GSMNP with the realmet case did not occur at 
the same time. This was also the case with Brew's simulation. 
Isopleth maps were constructed for all 1 8  hours of simulations for each run using 
Tecplot™ (version 6.0) software and representative hourly maps are presented in this 
report. Figures 5. 1 - 5.5 show the isopleth maps for the July 07 and July 1 0  (Knoxville), 
J une 30 (Crossville), June14 (Cleveland) , and July 25 (Tri-Cities Airport) simulation. 
These figures show the lower ozone concentration advecting into the domain from the 
boundary caused by the use of the NTVD boundary concentrations. This advection 
became more d istinct as time progressed. As was stated by Brew [1996], this effect was 
dependent on each day's wind patterns and was referred to as a 'discrepancy wave. '  
This wave was eliminated when the TVP boundary concentrations were used. 
Table 5.2. Basecase Scenarios with NTVD Boundary Concentrations. 
Maximum 03 Cone. (ppb) 
GSMNP Domain 
Day Brew's Real met Brew's Realmet 
Run Run 
ppb ppb Difference % ppb ppb Difference % 
Difference Difference 
July 07 77.55 72.08 5.47 7.59 81 .81 1 14.5 -32.78 -28.61 
July 1 0  72.07 61 .55 1 0.52 1 7.09 73.60 88.59 -14.99 -1 6.92 
June 30 NR 65.78 73.25 1 1 2.8 -39.64 -35. 1 1  
June 1 4  67.60 63.24 4.36 6.89 68.06 93.92 -25.86 -27.53 
July 25 NR 73.33 72.59 93.96 -21 .37 -22.74 
NR- Not Reported 
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JULY 7, BASECASE SIMULATION AT 12A. M. 
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Figure 5. 1 .  July 07 Basecase Simulation Using NTVD concentrations (Realmet) . 
JULY 1 0, BASECASE SIMULATION AT 1 2A.M. 
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JUNE 30, BASECASE SIMULATION AT 1 2A.M. 
MAXIMUM OZONE CONCENTRATION IN MODELING DOMAIN IS 86ppb 
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JUNE 1 4, BASECASE SIMULATION AT 1 2A.M. 
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JULY 25, BASECASE SIMULATION AT 1 2A.M.  
4050 MAXIMUM OZONE CONCENTRATION IN MODELING DOMAIN IS 68ppb 
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Figure 5.5. July 25 Basecase Simulation Using NTVD Concentrations (Realmet) .  
5.2 Basecase Scenarios With TVP Boundary 
Basecase scenario simulations with lVP boundary concentrations results are 
summarized in Tables 5.3-5.4. It can be seen from these tables that Brew predicted 
higher maximum ozone concentration in the GSMNP than were found in this part of the 
study using realmet and sunnymet cases. For the other part of the domain, the realmet 
and sunnymet runs showed higher predicted concentrations. It is also apparent from 
comparing the results of the NlVD in Table 5.2 with the lVP data in Tables 5.3 and 5.4, 
that the influence of the discrepancy wave on the results was minimal in these cases. It 
is noted however, that the effect of using a NlVD boundary condition could have 
produced a significant error if the point of maximum concentration on the GSMNP had 
been located near the boundary of the domain. This shows the strong interactions of 
various point sources in the domain and the effect of spatially varying biogenic 
emissions which were not accounted for in Brew's runs. Also, the time of occurrence of 
the maximum ozone concentration in the domain varied with real and sunnymet except 
in the GSMNP. Both realmet and sunnymet predicted maximum ozone concentrations in 
the GSMNP occurred at 8 p.m. ,  1 0  p.m., 6 p.,m, 1 1  p.m. ,  and 9 p.m. for July 7, July 1 0, 
June 30, June 14, and July 25 simulations, respectively. I n  the domain for the realmet 
scenario the time was 7 p.m., 6 p.m. ,  5 p.m. ,  6 p.m. ,  and 4 p.m. In the case of sunnymet 
the maximum ozone concentration in the domain occurred for July 7, July 1 0, and June 
30 at 6 p.m. and for June 14 and July 25 at 3 p.m. It can be noted that ozone 'was 
transported to the GSMNP from urban area later in the day. 
July 7 represents the highest ozone basecase of the season. The maximum 03 
concentration on that day was 143.22 ppb which was 64.2 ppb higher as compared to 
Brew's run. This is because the real emission inventory has large (up to 20,000 tpy) NOx 
sources in it which cause hot spot areas of high 03 concentration, while Brew's 
basecase runs had all emissions spread uniformly throughout the modeling domain. It 
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Table 5.3. Maximum 03 Concentration in the GSMNP for Basecase Scenarios for 
Realmet, Sunnymet, and Brew's Simulation (TVP Cone.). 
Maximum 03 Cone. (ppb) 
GSMNP 
Day Brew's Real met Sunnymet 
Run 
ppb ppb Difference % ppb Difference % 
Difference Difference 
July 07 77.74 72.08 5.66 7.85 71 .01 6.73 9.48 
July 1 0  72. 1 0  61 .51 1 0.59 1 7.22 61 .79 1 0.31 16.68 
June 30 - 64.20 - - 65.60 - -
June 14  67.83 63. 1 0  4.73 7.50 60.71 7. 1 2  1 1 .73 
July 25 72.50 72.65 -0. 1 5  -0.21 69.89 2.61 3.73 
Table 5.4. Maximum 03 Concentration in the Domain for Basecase Scenarios for 
Realmet, Sunnymet, and Brew's Simulation (TVP Cone.). 
Maximum 03 Cone. (ppb) 
Domain 
Day Brew's Realmet Sunnymet 
Run 
ppb ppb Difference % ppb Difference % 
Difference Difference 
July 07 79.02 1 1 4.59 -35.57 -31 .04 143.2 -64.20 -44.83 
July 1 0  72.29 88.59 -1 6.30 -1 8.40 -20.09 -21 .74 
June 30 73.25 1 09.88 -36.63 -33.33 1 1 2.8 -39.60 -35.09 
June 14  68.25 93.92 -25.67 -27.33 -30.80 -31 .09 
July 25 72.59 93.33 -20.74 -22.22 -23.48 -24.44 
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can be observed from Table 5.4 that the concentrations in the domain were higher for 
realmet cases than Brew's simulation ranging from 16.3 ppb to 36.63 ppb. This was 
higher for sunnymet case which was 20.09 to 64.2 ppb. 
5.3 Modeling of Hypothetical NOx Sources at McGhee Tyson 
For the hypothetical NOx source located in the middle of the East Tennessee 
modeling domain was McGhee-Tyson airport just southwest of Knoxville. The two dates 
corresponding to worst case impacts on the GSMNP were predicted from MAP-03 runs 
to be July 07 and July 1 0. Previous modeling (MAP-03) had shown that a source at this 
location would impact air quality in the GSMNP on these days. Both days predicted 
positive ozone concentration increments above basecase values in the modeling 
domain as well as in the GSMNP for each of the source sizes. 
5.3.1 July 07 Point Source Simulations 
The July 07 simulation results along with corresponding source size specific 
MAP-03 results are presented in Table 5.5. Table 5.5 shows the incremental ozone 
concentrations in the GSMNP contributed by each source. Note that MAP-03 was not 
simulated for the 1 00,000 tpy source size. Column 1 in Table 5.5 shows the source size. 
MAP-03 results are shown in column 2. Brew's results are given in column 3. Realmet 
and sunnymet results are presented in column 4 and 7, respectively. The realmet and 
sunnymet data are compared to Brew's run for the source sizes 1 00,000, 1 0,000, 1 ,000, 
and 1 00 tpy . The differences in predicted concentrations were obtained by subtracting 
realmet and sunnymet concentrations from Brew's predicted concentrations. The same 
procedures were followed for each of the other days being modeled. 
Upon comparison with Brew's results, the following may be concluded from 
Table 5.5: 
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Table 5.5. Incremental Ozone Concentrations in the GSMNP for July 07. 
GSMNP 
July 07 Incremental 03 Concentration (ppb) 
Source MAP-03 Brew's Real met Sunnymet 
· size Run 
tpy ppb ppb ppb Difference (6) % ppb Difference (9) % 
(1)  (2) (3) (4) (3-4)=(5) Difference (7) (3-7)=(8) Difference 
1 00,000 - 65. 1 0  35.46 29.64 83. 16  56.06 9.04 1 6. 1 2  
1 0,000 53.00 44.40 31 .38 1 3.02 41 .49 40.70 3.70 9.09 
1 ,000 8.00 8.60 6.74 1 .86 27.59 7.70 0.90 1 1 .68 
100 0.90 0.97 0.80 0. 1 7  21 .25 0.83 0. 14  1 6.87 
(a) For the 1 00 and 1 ,000 tpy sources, the present simulation results are very close in 
terms of predicted numerical concentrations. 
(b) For the 1 0,000 tpy source, the present simulation predicts lower ozone concentration 
for both realmet and sunnymet conditions. In the GSMNP, Brew predicted 44.4 ppb 
incremental ozone concentration, whereas realmet simulation predicted 31 .4 ppb. In  
other words, Brew predicted 42% higher incremental ozone concentrations than the 
realrt:�et case and 9. 1 %  higher for the sunnymet condition. 
(c) For the 1 00,000 tpy source, Brew, realmet, and sunnymet predicted 65. 1 ppb, 35.5 
ppb, and 56. 1 ppb incremental ozone concentration in the GSMNP, respectively. 
Brew's simulation predicted 83% and 16% higher ozone concentrations than the 
realmet and sunnymet cases, respectively. 
The maximum predicted incremental ozone concentrations in the domain are 
presented in Table 5.6. Brew's simulations predicted 46-92 % higher ozone 
concentration than realmet for 1 0,000 and 1 00,000 tpy source sizes, respectively. 
However, for the sunnymet simulations the range was 1 3-21 %. 
Figures 5.6-5. 1 0  show the isopleth maps of July 07, 1 00,000 tpy source 
simulation at different times for realmet and sunnymet cases. Figure 5.6 shows the 
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plume at 1 p.m. describing the formation of ozone due to the urban area and point 
sources. The urban plume can be visualized from Figure 5.6 and it is about 20 ppb. 
Several other areas showed 03 formation due to other existing point sources in the 
ETMD as observed in Figures 5.6 - 5. 1 1 .  
July 07's wind trajectory showed calm or variable winds early in the morning, 
causing the emissions from the hypothetical NOx source to remain in the vicinity of the 
McGhee-Tyson airport for several hours, allowing them to accumulate until they were 
finally blown toward the GSMNP. This resulted in ozone formation with a very puff-like 
appearance. This puff-like plume, however, was much more visible for the 1 00,000 tpy 
source size than for the 1 0,000 tpy source size. Figure 5.1 1 shows the isopleth map for 
1 0,000 tpy of sunnymet simulation at 6 p.m. It was noted that all source sizes impacted 
at the northwest corner of the GSMNP. The maximum predicted incremental 03 
concentration occurred in the modeling domain just outside the GSMNP as shown in  
Tables 5.5 and 5.6. 
Table 5.6. Incremental Ozone Concentrations in the Domain for July 07. 
Domain 
I ncremental 03 Cone. (ppb) 
Day Source Brew's Real met Sunnymet 
Size Run 
(1 ) tpy ppb ppb Difference (6) % ppb Difference (9) % 
(2) (3) (4) (3-4)=(5) Difference (7) (3-7)=(8) Difference 
July 07 1 00,000 68.81 35.88 32.93 91 .77 56.68 1 2. 1 3  21 .40 
1 0,000 46.03 31 .38 14.65 46.48 40.70 5.33 1 3.09 
1 ,000 9.22 7.01 2.21 31 .53 8 .14 1 .08 1 3.27 
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Figure 5.6. July 07, 100,000 tpy Point Source Simulation (Source Location: TYS) at 1 
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Figure 5.7. July 07 , 1 00,000 tpy Point Source Simulation (Source Location: TYS) at 6 
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Figure 5.8. July 07, 1 00,000 tpy Point Source Simulation (Source Location: TYS) at 6 
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Figure 5.9. July 07, 1 00,000 tpy Point Source Simulation (Source Location: TYS) at 7 
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Figure 5. 1 0. July 07, 1 00,000 tpy Point Source Simulation (Source Location: TYS) at 7 
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Figure 5. 1 1 . July 07, 10,000 tpy Point Source Simulation (Source Location: TYS) at 6 














5.3.2 July 1 0  Point Source Simulations 
The results for the July 1 0  simulation in the GSMNP are given in Table 5.7. 
Brew's run predicted a 48 ppb incremental ozone concentration for the 1 00,000 tpy 
source size. The realmet and sunnymet incremental concentrations were 42. 1  and 46.2 
ppb, respectively. The differences were 5.9 ppb (1 3.9 %) and 1 .8 ppb (3.9%) for realmet 
and sunnymet, respectively. In both cases the results under predicted Brew's run.  For 
the 1 0,000 tpy source size the incremental ozone concentrations were 1 2.4 (Brew), 1 2.6 
(realmet), and 12 . 1  ppb (sunnymet). In this case realmet over predicted Brew's 
simulation by 1 .6 %. Table 5.8 presents the incremental ozone concentrations in the 
Domain. The predicted incremental 03 concentrations in the GSMNP and in the Domain 
are fairly close in all cases for July 1 0  simulations for the 1 00,000 tpy source size. The 
differences varied very little for all other source sizes. 
Figures 5. 1 2  and 5. 1 3  show the isopleth maps illustrating the ozone plume at 1 
p.m. and at the 6 p.m. Figure 5. 1 2  shows the ozone plume earlier in the day moving 
forward to the GSMNP at 6 p.m. as demonstrated in Figure 5. 1 3. The wind blew from 
southwest in the morning on July 1 0 then shifted and blew from the northwest in the late 
afternoon. This transported the plume into the GSMNP. The incremental ozone 
concentration profile was very plume-like as illustrated in Figures 5. 1 2  and 5.1 3, in 
contrast to the puff-like plume observed on July 07 (Figures 5.6 through 5.1 0). This is a 
result of the higher wind speeds. The plume shape was similar for both Brew's run and 
the realmet and sunnymet runs. The primary difference in the overall appearance of 
ozone profiles in the domain was that the realmet and sunnymet runs showed numerous 
"hot spots" of ozone as a result of using the actual emission inventory, whereas there 
were absent in Brew's run where a constant emission density was used. The use of the 
emission inventory provides a more realistic prediction of the ozone profile for the entire 
domain and allows for interaction of the hypothetical plume with other sources. 
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Table 5.7. Incremental Ozone Concentrations in the GSMNP for July 1 0. 
GSMNP 
July 1 0  
Source MAP-03 Brew's Realmet Sunnymet 
Size Run 
tpy ppb ppb ppb Difference (6) % ppb Difference (9) % 
(1 ) (2) (3) (4) (3-4)=(5) Difference (7) (3-7)=(8) Difference 
1 00,000 - 48.00 42. 1 5  5.85 1 3.88 46.22 1 .78 3.85 
1 0,000 53.00 1 2.40 1 2.60 -0.20 -1 .58 1 2.07 0.33 2 .73 
1 ,000 8.00 1 .61  1 .67 -0.06 -3.59 1 .48 0. 1 3  8.78 
1 00 0.75 0. 1 6  0. 1 6  - - 0. 14  0.20 1 4.28 
Table 5.8. Incremental Ozone Concentrations in the Domain for July 1 0. 
Domain 
I ncremental 03 Cone. (ppb) 
Day Source Brew's Real met Sunnymet 
Size Run 
(1 ) tpy ppb ppb Difference (6) % ppb Difference (9) % 
(2) (3) (4) (3-4)=(5) Difference (7) (3-7)=(8) Difference 
July 1 0  1 00,000 48.00 43.67 4.33 9.91 46.39 1 .61  3 .47 
1 0,000 1 3.24 1 3.01 0.23 1 .77 1 2.68 0.56 4.41 
1 ,000 2 . 14 1 .82 0.32 1 7.58 1 .99 0. 1 5  7 .54 
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Figure 5. 12. July 1 0, 1 00,000 tpy Point Source Simulation {Source Location: TYS) at 1 
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Figure 5. 1 3. July 1 0, 1 00,000 tpy Point Source Simulation (Source Location: TYS) at 6 












5.4. Modeling of Hypothetical NOx Sources at Crossville 
The location for the hypothetical NOx point source located in the upper 
Northwest comer of the ETMD was Crossville, Tennessee. The selected date to be 
modeled by UAM was June 30 based on MAP-03 runs. MAP-03 modeling of a 1 0,000 
tpy hypothetical NOx point source located at Crossville predicted 20 ppb incremental 
ozone concentration in the GSMNP. The plume trajectory of UAM simulations for June 
30 showed that there would be no impact of predicted ozone concentrations in the 
GSMNP due to any of the potential point source sizes. However, MAP-03 model 
assumed that there would be impact in the GSMNP since the edge of the plume was 
within a 22.5° sector of the GSMNP. 
Figures 5. 14  through 5. 1 8  show the isopleth maps of the 1 00,000 tpy simulation 
at selected hours. These hours were chosen to show the sequence of ozone formation 
in the domain. At 1 p.m. ozone started to form. At 2 p.m. the plume associated with 
point source at Crossville moved toward the East and impacted the GSMNP. It was 
observed that the incremental ozone concentrations occurred to the Northwest of the 
GSMNP. This suggests that if the wind profile had shifted a little to the south similar 
increments could have occurred within the park's boundary. Therefore, it was 
considered that the maximum incremental ozone concentrations formed within the 
modeling domain at that hour could have represented the maximum incremental ozone 
concentrations in the GSMNP. The same basis was considered in Brew's simulations. 
Accordingly, the realmet scenario predicted ozone concentrations in the GSMNP were 
20. 1 ,  3.73, and 0.4 ppb for 1 0,000; 1 ,000; and 1 00 tpy source sizes, respectively. Brew 
predicted 1 7.7, 2. 7, and 0. 1 ppb; the sunnymet runs predicted 21 .6, 3.8, and 0.38 ppb; 
and MAP-03 predicted 20, 3, and 0.35 ppb. 
The results for June 30 in the domain are given in Table 5.9. The following may 
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Figure 5. 14. June 30, 1 00,000 tpy Point Source Simulation (Source Location: CRO) at 1 
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Figure 5. 1 5. June 30, 1 00,000 tpy Point Source Simulation (Source Location: CRO) at 2 
p.m. Using TVP Concentration (Sunnymet). 
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Figure 5. 16. June 30, 1 00,000 tpy Point Source Simulation (Source Location: CRO) at 3 
p.m. Using TVP Concentration (Sunnymet). 
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Figure 5. 1 7. June 30, 1 00,000 tpy Point Source Simulation (Source Location: CRO) at 5 
p.m. Using TVP Concentration (Sunnymet). 
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Figure 5.1 8. June 30, 1 00,000 tpy Point Source Simulation (Source Location: CRO) at 8 
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(a) For 1 00, 1 ,000, and 1 0,000 tpy sources, all of the simulations (Brew, realmet, and 
sunnymet) were reasonably close in terms of predicted numerical concentrations. 
However, Brew's run under-predicted realmet and sunnymet simulations. 
(b) For the 1 00,000 tpy source, the present simulations over-predicted Brew's run. 
Brew predicted 58 ppb incremental ozone concentration. The realmet predicted 
74.2 ppb, 21 .9 % higher concentration than Brew. The sunnymet predicted 78.0 ppb 
incremental ozone concentration which was 25.6 % higher than Brew's run.  
(c) The higher predictions in realmet and sunnymet simulations can be attributed to the 
interaction of the plume with emissions from other point sources. There were two 
other large NOx sources, namely Kingston Steam Plant and TVA Bull Run Steam 
Plant, that influenced the ozone concentration in the plume from the Crossville 
hypothetical NOx source. This is il lustrated in Figure 5. 1 7. 
Table 5.9. Incremental Ozone Concentrations in the Domain for June 30. 
Domain 
Incremental 03 Cone. (ppb) 
Day Source Brew's Real met Sunnymet 
Size Run 
( 1 )  tpy ppb ppb Difference (6) % ppb Difference (9) % 
(2) (3) (4) (3-4)=(5) Difference (7) (3-7)=(8) Difference 
June 30 1 00,000 58.00 74.23 -1 6.23 -21 .86 77.99 -1 9.99 -25.63 
1 0,000 1 8. 1 0  20. 1 1  -2.01 -1 0.00 21 .58 -3.48 -1 6. 1 3  
1 ,000 3.05 3.73 -0.68 -1 8.23 3.83 -0.78 -20.36 
1 00 0.35 0.40 -0.05 -12.50 0.38 -0.03 -7.89 
7 1  
5.5. Modeling of Hypothetical NOx Sources at Cleveland 
The source location for the hypothetical NOx source located in the lower 
Southwest comer of the ETMD was Cleveland, Tennessee. This location was chosen, 
rather than Chattanooga, to ensure that boundary effects were minimized. The date 
selected to be modeled by UAM for this location was June 14  based on the MAP-03 
run. MAP-03 predicted an incremental ozone increase of 36 ppb on the GSMNP due to 
a 1 0,000 tpy NOx source located at Cleveland. The surface meteorological data used for 
this location was obtained from Lovell Field airport in Chattanooga. 
The incremental ozone concentrations in the GSMNP are presented in Table 
5.1 0. The following are summarized from the table upon comparison with Brew's results: 
(a) The incremental ozone concentrations predicted by the present simulations for 1 00 
and 1 ,000 tpy sources varied very little in numerical values from Brew's run. 
(b) For the 1 0,000 tpy source size Brew's run predicted 14.8 ppb ozone concentration. 
The realmet predicted 1 3.2 ppb (1 1 .6 % lower than Brew's run) and the sunnymet 
prediction was 12.9 ppb (14.3 % lower than Brew's run). 
(c) Brew's simulation predicted 59.5 ppb for the 1 00,000 tpy source size. The realmet 
predicted an incremental ozone concentration of 35.0 ppb. The realmet prediction 
was 70% lower than Brew's simulation. The sunnymet predicted an incremental 
ozone concentration of 50 ppb which was 19 % lower than Brew's simulation. 
The maximum incremental ozone concentrations within the modeling domain for 
each source size are given in Table 5.1 1 .  It can be noticed from the table that Brew over 
predicted in all source size simulations. The maximum incremental ozone concentration 
for the 1 00,000 tpy source size with realmet and sunnymet cases occurred in the same 
cell location for the domain and for the GSMNP. That is why the predicted 
concentrations remained the same in Table 5. 1 0  and in Table 5.1 1 for the domain and 
the GSMNP. Figures 5.1 9-5.22 are the isopleth maps at 1 p.m. ,  3 p.m . ,  6 
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Table 5.1 0. Incremental Ozone Concentration in the GSMNP for June 14. 
GSMNP 
June 14  I ncremental 03 Cone. (ppb) 
Source MAP-03 Brew's Real met Sunnymet 
Size Run 
tpy ppb ppb ppb Difference (6) % ppb Difference (9) % 
( 1 )  (2) (3) (4) (3-4)=(5) Difference (7) (3-7)=(8) Difference 
1 00,000 - 59.54 35.03 24.51 69.96 50.00 9.54 1 9.08 
1 0,000 36.00 1 4.77 13.24 1 .53 1 1 .55 1 2.92 1 .85 1 4.32 
1 ,000 6.40 2.21 1 .88 0.33 1 7.55 1 .79 0.42 23.46 
1 00 0.74 0.26 0.21 0.05 23.80 0.20 0.06 30.00 
Table 5.1 1 .  Incremental Ozone Concentration in the Domain for June 1 4. 
Domain 
Incremental 03 Cone. (ppb) 
Day Source Brew's Realmet Sunnymet 
Size Run 
( 1 )  tpy ppb ppb Difference (6) % ppb Difference (9) % 
(2) (3) (4) (3-4)=(5) Difference (7) (3-7)=(8) Difference 
June 1 4  1 00,000 61 .51 35.03 26.48 75.59 50.00 1 1 .51  23.02 
1 0,000 1 8.53 14.84 3.69 24.86 1 5.73 2.80 1 7.80 
1 ,000 5.05 2.50 2.55 1 02.00 2.71 2.34 86.35 
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Figure 5. 1 9. June 14, 1 00,000 tpy Point Source Simulation (Source Location: CLE) at 1 
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Figure 5.20. June 1 4, 1 00,000 tpy Point Source Simulation (Source Location: CLE) at 3 
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Figure 5.21 . June 1 4, 1 00,000 tpy Point Source Simulation (Source Location: CLE) at 6 
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Figure 5.22. June 14,  1 00,000 tpy Point Source Simulation (Source Location: CLE) at 8 
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p.m. and 8 p.m. ,  respectively, for the 1 00,000 tpy source. This day's plume clearly hit 
the GSMNP later in the day as was shown in these figures. Brew's 1 00,000 tpy source 
size simulation predicted 76 and 23% higher ozone concentrations than the realmet and 
sunnymet scenarios, respectively. 
5.6. Modeling of Hypothetical NOx Sources at Tri-Cities 
For the hypothetical NOx source located in upper East Tennessee, Tri-Cities 
(Bristol ,  Kingsport and Johnson City) Airport was chosen as the site. For that site the 
MAP-03 predicted that July 25 would be the worst case day and the prediction for 
1 0,000 tpy NOx source was 19.0 ppb. The surface meteorological data were obtained 
for July 25 from the Tri-Cities airport. The incremental ozone concentrations in the 
GSMNP are presented in Table 5. 1 2. Upon comparison with Brew's run the following 
results were obtained : 
(a) No incremental ozone concentration was predicted by any of the simulation for 1 00 
tpy source size in the GSMNP. 
(b) For the 1 ,000 tpy source Brew's run predicted 0.49 ppb incremental ozone 
concentration. The realmet and the sunnymet predictions were 1 .3 and 1 . 1  ppb, 
respectively. 
(c) The incremental ozone concentrations were fairly close to each other for 1 0,000 tpy 
source size predicted by the various scenarios. 
(d) The realmet under predicted Brew's run for the 1 00,000 tpy source. Brew predicted 
incremental ozone concentration of 46. 1 ppb in the GSMNP whereas the realmet 
prediction was 38.7 ppb ( 19 % lower) . The sunnymet prediction was 46.2 ppb. 
The incremental ozone concentrations in the domain are given in Table 5. 1 3. For 
the 1 00, 1 ,000, and 1 0,000 tpy sources, the present simulation's predicted 
concentrations were fairly close to Brew's simulation. The realmet predicted 40.6 ppb for 
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Table 5.1 2. Incremental Ozone Concentration in the GSMNP for July 25. 
GSMNP 
July 25 Incremental 03 Cone. (ppb) 
Source MAP-03 Brew's Real met Sunnymet 
Size Run 
tpy ppb ppb ppb Difference (6) %  ppb Difference (9) % 
(1 ) (2) (3) (4) (3-4)=(5) Difference (7) (3-7)=(8) Difference 
1 00,000 - 46. 1 0  38.73 7.73 1 9.03 46.21 -0. 1 1  0.24 
1 0,000 1 9.00 9.1 0 8.89 0.21 2.36 8.85 0.25 2.82 
1 ,000 3.40 0.49 1 .28 -0.79 61 .72 1 .06 -0.57 53.78 
1 00 0.40 0.00 0. 1 3  - - 0. 1 1  - -
Table 5.1 3. Incremental Ozone Concentration in the Domain for July 25. 
Domain 
Incremental 03 Cone. (ppb) 
Day Source Brew's Real met Sunny met 
Size Run 
(1 ) tpy ppb ppb Difference (6) % ppb Difference (9) % 
(2) (3) (4} (3-4)=(5) Difference (7) (3-7)=(8) Difference 
July 25 1 00,000 51 .53 40. 59 1 0.94 26.95 48.98 2 .55 5 .21 
1 0,000 1 2.64 1 2. 1 1 0.53 4.37 1 2.29 0.35 2 .85 
1 ,000 2.44 1 .89 0.55 29. 1 0  2 . 1 9  0.25 1 1 .4 1  
1 00 0.29 0.21 0.08 38.09 0.24 0.05 1 6 .48 
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1 00,000 tpy source size which was lower by 1 0.9 ppb (26.9 %) from Brew's run.  
Figures 5.23 - 5.27 show the isopleth maps for the 1 00,000 tpy source. It can be seen 
that the size of the plume closely matched the size of the GSMNP at 9 p.m. 
5. 7. Summary of the Results 
The maximum incremental increase ozone concentration per ten-fold increase in 
NOx emissions is shown in Table 5. 14. It can be seen from the table that the maximum 
incremental increase in ozone concentration decreases as point source size increases. 
As can be seen from this table, a ten-fold increase in emissions from 1 00 to 1 ,000 tons 
per year yields nearly a ten-fold increase in 03 concentration (7.91 to 1 0.00), while a 
ten-fold increase in emissions from 1 0,000 to 1 00,000 tons/year yields much less of an 
increase in 03 concentration ranging from 1 . 14  to 4 times. This illustrates the nonlinear 
nature of the relationship between emission changes and subsequent changes in 
ambient ozone concentration. 
Table 5. 1 5  presents the summary of the realmet, sunnymet, Brew, and MAP-03 
simulations in the GSMNP. Note that the hypothetical point sources simulations located 
at Crossville were not included in the table because of no direct contact with the 
GSMNP was predicted by the UAM. The realmet scenarios have been compared to 
MAP-03 results. It can be noted that the MAP-03 predicted 2.92 times higher 
concentration on an average than the realmet case. Table 5. 1 6  shows the summary of 
Brew's, realmet, and sunnymet UAM simulations. It can be seen that Brew's runs 
predicted an average of 1 .34 times higher incremental ozone concentrations in the 
domain. 
Figures 5.28 and 5.29 are graphs comparing the incremental ozone 
concentrations predicted by the MAP-03 and UAM models for the realmet and 
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Figure 5.23. July 25, 1 00,000 tpy Point Source Simulation (Source Location: TRI)  at 1 
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Figure 5.25. July 25, 1 00,000 tpy Point Source Simulation (Source Location: TRI) at 6 
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Figure 5.26. July 25, 1 00,000 tpy Point Source Simulation (Source Location:  TRI) at 8 
p.m. Using TVP Concentration (Sunnymet). 
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Table 5.14. Incremental 03 Concentration Ratio in the Domain with 
Source Size Range. 
Sunnymet 
lneremental lnerease in 03 Cone. in the Domain 
Emissions July 07 July 1 0  June 30 June 14  July 25 
(tons/year) 
1 00-1 1000 8.95 9.95 1 0.00 8. 16  9. 1 3  
1 1000-1 01000 5.00 6.37 5.60 5.80 5.60 
1 01000-1001000 1 .40 3.66 3.60 3. 1 8  3.98 
Real met 
l neremental lnerease in 03 Cone. in the Domain 
Emissions July 07 July 1 0  June 30 June 14  July 25 
(tons/year) 
1 00-1 1000 8.35 9.58 9.33 7.91 9.00 
1 1000-1 01000 4.48 7 . 1 5  5.39 . 5.94 6.41 
1 01000-1 001000 1 . 14 3.36 3.69 2.36 3.35 
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Table 5.1 5. Incremental 03 Concentration increase in (ppb) in the GSMNP for Four 
cases. 
Incremental 03 Cone. (ppb) in the GSMNP 
Cases 
Source NOx Date UAM UAM UAM MAP-03 Ratio 
Location Emissions Real met Sunnymet Brew's (sunny met MAP-03: 
(tons/yr) (real (real (sunny met simple UAM 
em is) em is) simple em is) Realmet 
em is) (real emis) 
CLE 1 00,000 6/14/90 35.00 50.00 59.50 na 
1 0,000 1 3.20 1 2.90 14.80 36.00 2.73 
1 ,000 1 .90 1 .80 2.20 . 6.40 3.37 
1 00 0.21 0.20 0.26 0.74 3.52 
TYS 1 00,000 7fi/90 35.50 56. 1 0  65.00 na 
1 0,000 31 .40 40.70 44.40 53.00 1 .69 
1 ,000 6.70 7.70 8.50 8.00 1 . 1 9  
1 00 0.80 0.83 0.97 0.90 1 . 1 3  
TYS 1 00,000 7/1 0/90 42.20 46.20 48.00 na 
1 0,000 12 .60 1 2. 1 0  12 .40 53.00 4.21 
1 ,000 1 .70 1 .50 1 .60 8.00 4.71 
1 00 0. 16  0 .14 0. 1 6  0.75 4.69 
TRI 1 00,000 7/25/90 38.70 46.20 46. 1 0  na 
1 0,000 8.90 8.85 9. 1 0  1 9.00 2. 1 3  
1 ,000 1 .30 1 . 1 0  0.49 3.40 2.62 
1 00 0. 1 3  0. 1 1  na 0.40 3.08 
Average 2.92 
na = not available. 
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Table 5.1 6. I ncremental 03 Concentration increase in (ppb) in the Domain for 
three cases. 
Incremental 03 Cone. (ppb) in the Domain 
Cases 
NOx Date Source UAM UAM UAM Ratio 
Emissions Location Brew's Real Met Sunny Met Brew's : 
(tons/yr) (simple (Real Emis) (Real Emis) Real Met 
Emis) (real 
emis) 
1 00 6/1 4/90 CLE 0.94 0.32 0.33 2.94 
6/30/90 CRO 0.35 0.40 0.38 0.87 
7/7/90 TYS 1 .06 0.84 0.91 1 .26 
7/1 0/90 TYS 0.24 0. 1 9  0.20 1 .26 
7/25/90 TRI 0.29 0.21 0.24 1 .38 
1 ,000 6/14/90 CLE 5.05 2.50 2.71 2.02 
6/30/90 CRO 3.05 3.73 3.83 0.82 
7/7/90 TYS 9.22 7.01 8. 14 1 .31  
7/1 0/90 TYS 2. 14 1 .82 1 .99 1 . 1 7  
7/25/90 TRI 2.44 1 .89 2. 1 9  1 .29 
1 0,000 6/1 4/90 CLE 1 8.53 14.84 1 5.73 1 .25 
6/30/90 CRO 1 8. 1 0  20. 1 1  21 .58 0.90 
7/7/90 TYS 46.03 31 .38 40.70 1 .47 
7/1 0/90 TYS 1 3.24 1 3.01 12.68 1 .02 
7/25/90 TRI 1 2.64 1 2. 1 1 12.29 1 .04 
1 00,000 6/1 4/90 CLE 61 .51 35.03 50.00 1 .76 
6/30/90 CRO 58.00 74.23 77.99 0.78 
7/7/90 TYS 68.81 35.88 56.68 1 .92 
7/1 0/90 TYS 48.00 43.67 46.39 1 . 1 0  
7/25/90 TRI 51 .53 40.59 48.98 1 .27 
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the MAP-03 are plotted along the Y -axis and the UAM predicted concentrations along 
the X-axis. The straight straight line on the graph is where the data points would fall if 
both predicted the same concentrations. As shown on the graphs, the MAP-03 is an 
appropriate screening technique in that it tends to predict higher concentrations than 
those predicted by the more complex UAM. 
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6. CONCLUSIONS 
The following discussions serve as a guideline for future study of the 
effectiveness of the modeling procedures utilized. The conclusions from the research 
are listed below: 
(a) It was concluded by Brew [1 996] and this study that MAP-03 was an effective 
screening model for selecting dates to be further modeled by the UAM. Two criteria 
were considered in concluding that MAP-03 was an effective screening tool: 
(i) the screening tool should not under-predict ozone concentrations that the 
UAM predicts, but rather predict conservatively high ozone concentrations; 
and 
(ii) MAP-03 was shown to be capable of selecting days when the UAM would 
predict increased ozone concentration in a given target due to a given source. 
For this study, the GSMNP was selected as the target, and hypothetical 
sources were placed at four locations (Knoxville, Cleveland, Crossville and 
Tri-Cities airport). 
The above two criteria were met in both Brew's and in the present study. It was shown 
in Table 5. 1 5  that MAP-03 predicted on the average 2.92 times higher incremental 
ozone concentrations in the GSMNP than the realmet simulations. Therefore, it was 
concluded that the MAP-03 model continues to serve as an effective screening tool to 
identify the dates to be modeled by the UAM as well as a conservative predictor of 
incremental ozone concentration. 
(b) The utilization of default boundary concentrations produced a discrepancy wave on 
the point source emission plumes and affected predicted ozone increments in the 
domain. A procedure was developed by both Brew [1 996] and this author to correct 
for the boundary influence. It is recommended that the temporally varying predicted 
92 
(TVP) concentrations be used instead of the non-temporally varying default (NTVD) 
boundary concentrations, in order to minimize the effects of boundary conditions. 
(c) For the 1 00, and 1 ,000 tpy sources Brew's and the present realmet simulations were 
fairly close to each other in terms of numerical values in predicting the incremental 
ozone concentrations in the modeling domain as well as in the GSMNP. 
(d) For the 1 0,000 tpy source the predicted incremental ozone concentrations did not 
vary considerably between Brew's and the realmet runs except for the July 07 
simulations. Brew's run predicted 41 .5 and 46.5 % higher concentrations in the 
GSMNP and in the domain, respectively, for the July 07 run. From the 
meteorological data it was observed that July 07 was the hottest summer day among 
the days modeled. Consequently, biogenic isoprene emissions were much higher for 
Brew's (cloudless, sunny day for biogenic emissions) simulations which resulted in 
significantly higher ozone formation. 
(e) Biogenic isoprene emissions are important in determining the level of ozone 
formation predicted by the UAM algorithm. From Table 5. 1 ,  it may be noted that 
isoprene emissions are considerably higher {by a factor of four {4)) than those used 
in Brew's simulation. This difference is attributed to the lower isoprene emissions 
predicted using actual cloud cover for the days modeled versus "no cloud cover" for 
Brew's case. 
(f) The differences in predicted incremental ozone concentrations between Brew's and 
the realmet simulations were greater when the source size was 1 00,000 tpy. Brew's 
run predicted 91 .8, 9.9, 75.6, and 26.9 % higher concentrations in the domain for the 
July 07, July 1 0, June 14, and July 25 simulations, respectively, than the realmet 
runs. For June 30, Brew predicted 22 % lower concentrations in the domain than the 
realmet run. Interactions of existing NOx sources in the modeling domain influenced 
the predicted incremental ozone concentrations for June 30. The hypothetical NOx 
93 
point source was located at Crossville for June 30 simulations. The plume from the 
Crossville location mixed with other nearby point sources, .namely Kingston and Bull 
Run Steam Plants later in the day. 
(g) The sunnymet case is considered to be the worst case ozone scenario; however it is 
very unlikely to happen on a consistent basis as is evidenced by the fact that the 
realmet conditions experienced some cloud cover. It is therefore recommended that 
the realmet conditions be used for determining more realistic incremental impacts of 
point sources on ozone formation. 
(h) It can be seen from Table 5. 1 5  that for smaller source sizes, for example 1 00 tpy of 
NOx. the incremental concentration in all cases was below 1 ppb. In  that case it may 
not be worthwhile to run the UAM model to further verify the predicted incremental 
concentration due to a 1 00 tpy source. In other words, if the screen ing results 
predict ozone concentrations below the level of concern, then MAP-03 modeling 
should be sufficient. For the 1 ,000 tpy source, the MAP-03 predicted incremental 
concentrations varied from 2.8 to 8 ppb. The realmet predictions varied from 1 .3 to 
6. 7 ppb. Thus the screening method is a conservative tool for the determination of 
minimum impact. Further discussion needs to be conducted with appropriate 
decision-making agencies to determine the level of incremental ozone concentration 
defined to be significant. Once that value has been determined, then MAP-03 could 
be used as a screening tool. UAM runs would only be necessary when MAP-03 
results exceeded the minimum level of significance. 
(i) While Brew's simulation approach does not need emissions inventories and is 
therefore simpler than the realmet simulations which require detailed emissions 
inventories, it is a recommendation of this study that the realmet simulation scheme 
be used in UAM modeling after identifying days using MAP-03. This will ensure that 
any interactions between the hypothetical new source and any existing sources 
94 
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Table A.1 . List of SCC Codes. 
sec Category 
Area Sources: 
21 02002000 industrial coal 
21 02004000 industrial distillate & kerosene 
21 02005000 industrial residual 
21 02006001 industrial natural gas 
2 1 02007000 industrial LPG 
21 03002000 commercial coal 
21 03004000 commercial distillate 
21 03005000 commercial residual 
2 103006000 commercial natural gas 
21 03007000 commercial LPG 
21 0301 1 000 commercial kerosene 
21 04002000 residential coal 
21 04004000 residential distil late 
21 04006000 residential natural gas 
21 04007000 residential LPG 
21 04008000 residential wood 
210401 1 000 residential kerosene 
2275050000 general aviation 
2275900000 aircraft refueling: all fuels 
2282005005 pleasure craft, inboards, 2-stroke 
gas 
228201 0005 pleasure craft, inboards, 4-stroke 
gas 
2282020005 pleasure craft, inboards, diesel 
2302050000 small bakeries 
2302070005 fermentation/beverages (wineries) 
2401001 000 architectural coatings 
2401 005000 auto refinishing 
2401 008000 traffic markings 
240101 5000 factory finished wood 
2401 025000 metal furniture & fixtures 
2401 040000 metal cans 
2401 050000 misc. finished metals 
2401 055000 machinery & equipment 
2401 060000 appliances 
2401 065000 electrical insulation 
2401 070000 motor vehicles 
2401 075000 other transportation 
2401 080000 marine 
1 0 1  
Table A.1 . (contd.) 
2401 090000 misc. manufacturing 
2401 1 00000 high performance industrial mtnce. 
2401 200000 other special purpose coatings 
241 5000000 degreasing 
2420000000 dry cleaning 
2425000000 graphic arts 
2461 021 000 cutback asphalt 
2461 022000 emulsified asphalt 
2461 023000 hot roofing asphalt 
2461 800000 municipal pesticide 
2465000000 commercial/consumer solvent use 
2501 050000 bulk storage plants 
2501 060050 tank truck unloading (stage 1 )  
250 1 0601 00 vehicle refueling (stage 2) 
2501 060201 underground tank breathing 
(gasoline) 
25050001 20 gasoline trucks in transit 
260 1 01 0000 industrial on-site incineration 
2601 020000 commercial on-site incineration 
2601 030000 residential on-site incineration 
261 001 0000 industrial open burning 
261 0020000 commercial open burning 
261 0030000 residential open burning 
2620030000 municipal solid waste landfills 
2630020000 publicly owned treatment works 
2660000000 leaking underground storage tank 
remediations 
2801 000005 agricultural pesticide 
281 0001 000 forest fires 
281 0030000 structure fires 
Mobile Sources 
2201 001 1 1 0 light duty gasoline vehicles (LDGV) 
220 1 001210  LDGV 
2201 00 1 3 1 0  LDGV 
2201 020 1 50 light duty gasoline trucks 1 (LDGT1 ) 
2201 020270 LDGT1 
2201 040 1 1 0  LDGT2 
2201 04021 0  LDGT2 
2201 040310  LDGT2 
2201 0701 50 heavy duty gasoline vehicles 
(HDGV) 
1 02 
Table A.1 . (contd.) 
2201 070270 HOGV 
2201 0801 1 0  motorcycles 
2201 080210 motorcycles 
2201 080310 motorcycles 
2230001 1 50 light duty diesel vehicles (LOOV) 
2230001 270 LOOV 
22300601 10  light duty diesel trucks (LOOT) 
223006021 0  LOOT 
223006031 0  LOOT 
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Figure A.6. Modeling Domain; Including State, County (with FIPS code), and Class 1 Areas. 
Table A.2. List of Point Sources in the ETMD. 
County Name of the Company 
Tennessee 
Anderson TVA Bull Run Steam Plant 
US DOE Y-1 2 
Dico Tire, Inc. 
Blount Aluminum Co. of America 
Bradley All ied Signal, Inc. 
West Vaco Corp. 
Carter North American Rayon 
Cocke The Quake 
Hamblen BASF Fibers 
Triangle Pacific 
Universal Bedroom 
W. R. Grace & Co. 
Camvac International, Inc. 
Lea Industries 
Shelby Williams 






Signal Mountain Cement 
Archer Daniels Midland 
Velsicol Chemical Corp. 





Brock Candy Company 
Coors Electric 






1 1 56.00 
40.22 
22.00 
































































Table A.2. (contd.). 
Tennessee Gas Co. 1 6.21 1 2. 1 8  
Signal Apparel Co. 28.43 0.006 
Vulcan Materials Co. 1 5.05 65.75 
Seaboards Farms 8.20 0.37 
D. M.  Steward 8.47 0. 17  
First Thermal 0.06 0.93 
Nu Foam product 1 1 08. 1 1  - 1 1- / ') 
Combustion Engineering - 282.34 
Wood Bridge Foam - 1 91 .66 
Chattanooga Tern Drum - 1 8.33 
Gillman Co. - 48.83 
ASTEC Industries - 32.56 
Southern Materials 4.76 3.76 
Rock Tenn Co. (Mil l Div.) 1 56.24 3.60 
Southern Cellulose P.S. 176.99 3.65 
Bunge Foods 1 00.22 1 1 8.35 
Norfolk Southern 81 .84 1 35.71 
Signal Alloys 29.97 3.20 
NA Industries, Inc. 61 . 1 8  49.40 
Amoco Oil Co. - 5.00 
McKee Baking Co. - 3.35 
Sofix Corp. - 0.91 
Buster Brown Apparel, Inc. - 1 5.20 
Choo Choo Customs, Inc. - 20.53 
Star Enterprise - 6.72 
Niagra Cold Drawn Corp. - 2.33 
Mueller Co. 4.50 1 86.60 
W. R. Grace & Co. 3.76 0 . 13  
Chatt. St. Tech. College 1 .94 0.97 
Ergon, Inc. 0.84 1 7. 1 0  
CE Tubes, Inc. 0.77 3.40 
US Pipe & Valve Plant 0.60 69.60 
Memorial Hospital 0 . 14  0.0002 
I l l  
Table A.2. (contd.). 
Star Enterprise 0.021 2.26 
Wheeland Foundry - 76.60 
Superior Container Service - 9.30 
Conoco - 9.20 
Scholze Tannery, Inc. - 9.00 
Browning- Ferris Industry - 6.60 
PB & S Chemical Co. - 9.27 
Benton Oil Service, Inc. - 3.97 
Komatsu Dresser Co. - 2.26 
Mitchell Tire Industries - 2.34 
Quince Kitchens, Inc. - 4.60 
Olan Mills, Inc. - 33.53 
Raytheon Co. - 1 .21 
Tuftco Corp. - 1 .50 
McKee baking Co. - 0.91 
Reddick Autobody - 0.85 
East Ridge Body Shop - 0.60 
Chevron U.S.A, Inc. - 35.59 
Ahlstrom Filtration 1614.43 99. 1 6  Z 3  ?o 
Porter Warner Industries - 52.51 
Exxon Co. ,  USA - 45.60 
Collegedale Casework - 1 6. 1 2  
Laidlaw Environmental Svc. - 27.36 
Citgo Petroleum Co. - 0.324 
Hawkins TVA John Sevier Power Pit. 14947.00 1 20.00 
Holston Army Ammunition 986.00 1 065. 1 0  
AFG Industries 7480.00 376.90 
Holston Mill 28.00 4386.00 
Lenzing Fibers 1 .61  1 2826.1  
Knox Dixie Cement Co. 2257.00 -
I nterstate Brands Corp. - 1 62.57 
Marathon Petroleum Co. - 1 35.50 
Thundercraft Boats - 98. 1 0  
Conoco Inc. - 98.20 
1 12 
Table A.2. (contd.). 
Keams Bakeries, Inc. 
Plasti Line, Inc. 




University of TN Steam Pit. 
General Shale Riverside 
Tamko Asphalt Products 
KUB Wastewater 
Robertshaw Controls 
Roane Kingston Steam Plant 
Sullivan Tennessee Eastman Co. 
Mead Corp. 
AFG, Inc. 
Arcata Graphics, Inc. 
Union Tennessee Luttrel 





Murray GA Dept. of Transportation 
Alibea Construction Plant 
Rabun Rabun Apparel, Inc. 
Union Matthews C. W. Contracting 
Walker Crystal Springs Print work 
Rossville Paving 
Matthews CW Contracting 
Louis Dreyfus Energy 
Roper Appliance Corp. 
Whitfield Shaw Industries 
Galaxy Dyeing & Finishing 
Queen Carpet Corp. 






































































3{ 'Z �  
Table A.2. (contd.). 
Aladdin Mills, Inc. 22.00 -
Franklin Industrial 3.00 -
N. Carolina 
Buncombe Carolina Power & Light 14484.00 -
Ball Corp. 323.00 1 0.00 
BASF Plant 697.00 3.00 
Strawberry Hill Press 225.00 542.00 
Phillips Consumer Electric - 1 26.00 
Burke Henry Link Corp. 1 .40 167.00 
Drexel Plant 54. 1 5  1 801 .30 
Morgante Dyeing 70.32 0.45 
Henredon Furniture 3.55 283.32 
Impact Furniture 0.66 561 .37 
Broughton Hospital 21 .96 0.52 
Great Lakes Carbon - 1 1 42.00 
Sara Lee Knit Products 5.78 1 1 .90 
Valdese Mfg. 56.30 0.28 
Caldwell Broyhill Occassional Plant 4.88 633.00 
Broyhill Pacemaker Plant 1 5.96 14.09 
Bernhardt Plant 14.41 686.50 
Nu Woods 1 .87 3.85 
Broyhill Lenoir furniture 4.20 2755.00 
Thomasville Furniture 4. 1 2  555.61 
Hammary Plant 0.53 291 .09 
Fairfield Chair 0.21 82.42 
Sonoco Products - 1 35.00 
Rockwell Plastics Products - 1 1 7.00 
Graham Stanley Furniture Co. 8.00 359.00 
Haywood Champion International Co. 4252.00 673.00 
Dayco Corp. 23.00 205.00 
Lea I ndustries 3.00 469.00 
Henderson Cranston Print Works 34.00 121 8.00 
Kimberly Clark 6.00 50.00 
Belding Corticelli - 869.00 
1 14 
Table A.2. (contd.). 
Printpack Enterprises - 325.00 
Steelcase, Inc. - 420.00 
Federal Paper Board Co. - 1 95.00 
Jackson Western Carolina University 31 .00 -
McDowell Power Services, Inc. 84.00 42.00 
Coates American 56.00 265.00 
Cross Mills, Inc. 28.00 2.00 
Ethan-Allen Pine 7.00 561 .00 
Columbia Carolina - 3.00 
Mitchell Henredon Furniture 455.00 6.00 
Ethan Allen, Inc. - 3.00 
Rutherford Duke Power Co. 6038.00 54.39 
Stone Cutter Mills Corp. 47.00 34.00 
Broyhill Furniture Industry 2.00 648.00 
Transylvania P. H. Glatfelter Co. 1778.00 93.00 
E. I .  Dupont De Nemours 78.99 845.00 
Watauga Appalachian State Univ. 53.61 0.93 
S. Carolina 
Cherokee Mill iken Magnolia 208.90 94.40 
Hamrick I ndustries 1 9.35 1 72. 1 8  
Spartanburg Mills 1 8.63 1 0.60 
Timken Co, 1 5.03 0.20 
Spring City Knitting 5.81 1 9.82 
Musgrove Mills 1 .35 70.07 
Cellwood Corp. 0.90 1 60.05 
Phoenix Finishing 0.20 0.01 1 
Peeler Rug Co. - 58.30 
Progressive Screen - 22.76 
Union Butterfield - 6.50 
Greenville Coates Brothers - 5.53 
Spartanburg Transcontinental Pipeline 7401 . 1 0  1 239.72 
Spring Industry, Lyman 280.28 1 48.43 
Hoechst/Cel 1 74.83 3. 1 6  
1 1 5 
Table A.2. (contd.). 
Reeves Brothers 51 . 1 6  652.53 
Blasius Group 5 1 .36 0.41 
Michelin Tire 27. 1 4  447.25 
Donnelley RR & Sons 16.50 878.70 
Milliken Chemicals 1 6.50 57.43 
Crown Cork & Seal 4.35 1 856.80 
Union Camp, Campcrock 3.85 21 1 .84 
Blackman Uhler Chemicals 2.77 1 0.21  
Goodyear Tire 1 .85 1 20.20 
BASF 3.79 1 77.30 
National Starch & Chemicals 1 .70 1 77.50 
Wrse Foods 3.35 1 1 9.29 
SPAR TN 1 . 1 8  1 39.84 
Norfolk Southern 1 .02 46. 1 
Sybron Chemicals 1 .88 24.00 
ABCO Chemicals 0. 1 0  1 9.00 
Draper Corp. 0.014 -
Shell Oil - 85.73 
Ameron Fiber - 40. 35 
Colonial Pipeline - 16 .36 
Union Cone Mills 417 . 18  1 831 .08 
1 1 6 
APPENDIX B 
Summary of UAM Results Using Comprehensive Emissions Inventory 
(Mamun Ahmed's Study) 
1 1 7 
1 4-Jun 1 2 3 4 5 6 7 8 9 1 0  
Cleveland Max Cone Time 1 Location Background Difference Max Cone due Time 6 Location Background Difference 
(Real met) due to Source Occurs 1 Occurs Cone @ 3&4 (1 -4) to Srce in Park Occurs 6 Occurs Cone @ 7&8 (6-9) 
1 00,000 96.81 6 p.m. 1 207 65.01 31 .8 91 .65 8 p.m. 1 546 56.62 35.03 
1 0 ,000 93.92 6 p.m. 2470 93.92 No Impact 72.05 8 p.m. 1 544 59.89 1 2. 1 6  
1 ,000 93.92 6 p.m. 2470 93.92 No Impact 63.1 1 1  p.m. 1 282 63. 1 0  N o  Impact 
1 00 93.92 6 p.m. 2470 93.92 No Impact 63. 1 1 1  p.m. 1 282 63. 1 2  N o  Impact 
basecase 93.92 6 p.m. 2470 63.1 1 1  p.m. 1 282 
1 1  1 2  1 3  1 4  1 5  1 6  1 7  1 8  1 9  20 
Dif. Max Cone Time 1 1  Location Background Max Cone Dif Max in Time 1 6  Location Background Max Cone 
Occurs 1 1  Occurs Cone@ 1 2& 1 3  @ 1 2&1 3 Park Occurs 1 6  Occurs @ 1 7  & 1 8  @ 1 7& 1 8  
1 00,000 35.03 8 p.m. 1 546 . 56.61 91 .64 35.03 8 p.m. 1 546 56.61 91 .64 
1 0,000 1 4.84 3 p.m. 1 074 61 .33 76. 1 7  1 3.24 8 p.m. 1 478 58.21 7 1 .45 
1 ,000 2.5 1 p.m. 937 65.7 68.2 1 .88 8 p.m. 1 478 58.21 60.09 
1 00 0.316 1 p.m. 937 65.7 66.02 0.21 8 p.m. 1 478 58.21 58.42 
1 4-Jun 1 2 3 4 5 6 7 8 9 1 0  
00 Cleveland Max Cone Time 1 Location Background Difference Max Cone due Time 6 Location Background Difference 
(Sunny) due to Source Occurs 1 Occurs Cone @ 3&4 (1 -4) to Srce in Park Occurs 6 Occurs Cone @ 7&8 (6-9) 
1 00,000 1 06.50 8 p.m. 1 545 56.49 50.01 1 06.5 8 p.m. 1 545 . 56.49 50.01 
1 0,000 99.05 3 p.m. 2202 99.05 No Impact 70.04 8 p.m. 1 544 58.0 1 2.04 
1 ,000 99.05 3 p.m. 2202 99.05 No Impact 60.69 1 1  p.m. 1 282 60.7 No Impact 
1 00 99.05 3 p.m. 2202 99.05 No Impact 60.71 1 1  p.m. 1 282 60.7 No Impact 
base case 99.05 3 p.m. 2202 60.71 1 1  p.m. 1 282 
1 1  1 2  1 3  1 4  1 5  1 6  1 7  1 8  1 9  20 
Dif. Max Cone Time 1 1  Location Background Max Cone Dif Max in Time 1 6  Location Background Max Cone 
Occurs 1 1  Occurs Cone@ 1 2& 1 3  @ 1 2&1 3 Park Occurs 1 6  Occurs @ 1 7  & 1 8  @ 1 7& 1 8  
1 00,000 50.00 8 p.m. 1 545 56.49 1 06.5 50 8 p.m. 1 545 56.49 1 06.5 
1 0,000 1 5.73 3 p.m. 1 074 60.47 76.2 1 2 .92 8 p.m. 1 478 56.58 69.50 
1 ,000 2.71 1 p.m. 937 65.82 68.53 1 .79 8 p.m. 1 478 56.58 58.37 
1 00 0.332 1 p.m. 937 65.82 66. 1 52 0.2 8 p.m. 1 478 56.58 56.78 
30-Jun 1 
Crossville Max Cone 
(Realmet) due to Source 
1 00,000 1 27.81 
1 0,000 1 09.64 
1 ,000 1 09.88 
1 00 1 09.88 
basecase 1 09.88 
1 1  
Dif. Max Cone 
1 00,000 74.23 
1 0,000 20. 1 1  
1 ,000 3.73 
1 00 0.4 
-
-
\0 30-Jun 1 
Crossville Max Cone 
(Sunny) due to Source 
1 00,000 1 32.24 
1 0,000 1 1 2.61 
1 ,000 1 1 2.85 
1 00 1 1 2.85 
basecase 1 1 2.85 
1 1  
Dif. Max Cone 
1 00,000 77.99 
1 0,000 21 .58 
1 ,000 3.83 






















5 p. m. 
6 p.m. 
1 2  





1 2 p.m. 
3 4 
Location Background 
1 Occurs Cone @ 3&4 
2197 55.06 
2205 1 09.88 
2205 1 09.88 
2205 1 09.88 
2205 
1 3  14 
Location Background 
1 1  Occurs Cone@ 1 2&1 3 
2 1 96 53.43 
2056 56.37 
1 987 56.71 
1 987 56.71 
3 4 
Location Background 
1 Occurs Cone @ 3&4 
2 1 97 56.4 
2205 1 1 2.87 
2205 1 1 2.87 
2205 1 1 2.87 
2148 
1 3  1 4  
Location Background 
1 1  Occurs Cone@ 1 2& 1 3  
2196 53.07 
2055 56.31 
1 987 55.98 
1 987 55.98 
5 6 7 8 9 1 0  
Difference Max Cone due Time 6 Location Background Difference 
(1 -4) to Srce in Park Occurs 6 Occurs Cone @ 7&8 (6-9) 
72.75 64.2 6 p.m. 1 280 64.2 No Impact 
No Impact 64.2 6 p.m. 1 280 64.2 No Impact 
No Impact 64.2 6 p.m. 1 280 64.2 No Impact 
No Impact 64.2 6 p.m. 1 280 64.2 No Impact 
64.2 6 p.m. 1 280 
1 5  1 6  1 7  1 8  1 9  20 
Max Cone Dif Max In Time 1 6  Location Background Max Cone 
@ 1 2&1 3 Park Occurs 1 6  Occurs @ 1 7  & 1 8  @ 1 7&1 8 
1 27.66 0 .19 1 2 a.m. 1 61 4  43.33 43.52 
76.48 0.06 1 0  p.m. 1 544 47. 1 3  47. 1 9  
60.44 0 
57.1 1 0 
5 6 7 8 9 1 0  
Difference Max Cone due Time 6 Location Background Difference 
(1 -4) to Srce in Park Occurs 6 Occurs Cone @ 7&8 (6-9) 
75.84 65.66 6 p.m. 1 280 65.78 No Impact 
No Impact 65.6 6 p.m. 1 280 65.6 No Impact 
No Impact 65.6 6 p.m. 1 280 65.6 No Impact 
No Impact 65.6 6 p.m. 1 280 65.6 No Impact 
65.6 6 p.m. 1 280 
1 5  1 6  1 7  1 8  1 9  2 0  
Max Cone Dif Max in Time 1 6  Location Background Max Cone 
@ 1 2&1 3 Park Occurs 1 6  Occurs @ 1 7  & 1 8  @ 1 7&1 8 
1 31 .06 0.20 1 2 a.m. 1 61 4  43. 1 7  43.37 
77.89 0.07 10 p.m. 1 544 46.98 47.05 
59.81 
56.36 
7-Jul 1 2 3 4 5 6 7 8 9 1 0  
Knoxville Max Cone Time 1 Location Background Difference Max Cone due Time 6 Location Background Difference · 
{Realmet) due to Source Occurs 1 Occurs Cone @ 3&4 {1 -4) to Srce in Park Occurs 6 Occurs Cone @ 7&8 {6-9) 
1 00,000 1 1 9.24 6 p.m. 1 873 87.93 31 .31 98.31 6 p.m. 1 478 62.84 35.47 
1 0,000 1 1 4.59 7 p.m. 1 731 1 1 4.59 No Impact 1 03.46 8 p.m. 1 544 72.08 31 .38 
1 ,000 1 1 4.59 7 p.m. 1 731 1 1 4.59 No Impact 78.83 8 p.m. 1 544 72.08 6.75 
1 00 1 14.59 7 p.m. 1 731 1 14.59 No Impact 72.88 8 p.m. 1 544 72.08 0.8 
basecase 1 1 4.59 7 p.m. 1 731 72.08 8 p.m. 1 544 
1 1  1 2  1 3  1 4  1 5  1 6  1 7  1 8  1 9  20 
Dif. Max Cone Time 1 1  Location Background Max Cone Dif Max in Time 1 6  Location Background Max Cone 
Occurs 1 1  Occurs Cone@ 1 2& 1 3  @ 1 2& 1 3  Park Occurs 1 6  Occurs @ 1 7  & 1 8  @ 1 7& 1 8  
1 00,000 35.875 6 p.m. 1 477 63.57 99.445 35.46 6 p.m. 1 478 62.84 98.3 
1 0,000 31 .38 8 p.m. 1 544 72.08 1 03.46 31 .38 8 p.m. 1 544 72.08 1 03.46 
1 ,000 7.01 6 p.m. 1 676 75.01 82.02 6.74 8 p.m. 1 544 72.08 78.82 
1 00 0.84 6 p.m. 1 676 75.01 75.85 0.8 8 p.m. 1 544 72.08 72.88 
.... 
N 7-Jul 1 2 3 4 5 6 7 8 9 1 0  0 
Knoxville Max Cone Time 1 Location Background Difference Max Cone due Time 6 Location Background Difference 
{Sunny) due to Source Occurs 1 Occurs Cone @ 3&4 {1-4) to Srce in Park Occurs 6 Occurs Cone @ 7&8 {6-9) 
1 00,000 143.22 6 p.m. 1 863 1 43.22 No Impact 1 1 9. 1 1  6 p.m. 1 544 63.04 56.07 
1 0,000 1 43.22 6 p.m. 1 863 1 43.22 No Impact 1 1 1 .72 8 p.m. 1 544 71.01 40.71 
1 ,000 1 43.22 6 p.m. 1 863 1 43.22 No Impact 78.71 8 p.m. 1 544 71 .01 7.7 
1 00 1 43.22 6 p.m. 1 863 1 43.22 No Impact 71 .85 8 p.m. 1 544 71 .01 No Impact 
basecase 143.22 6 p.m. 1 863 71 .01 8 p.m. 1 544 
1 1  1 2  1 3  1 4  1 5  1 6  1 7  1 8  1 9  20 
Dif. Max Cone Time 1 1  Location Background Max Cone Dif Max in Time 1 6  Location Background Max Cone 
Occurs 1 1  Occurs Cone@ 1 2& 1 3  @ 1 2&13 Park Occurs 16 Occurs @ 1 7  & 1 8  @ 1 7& 1 8  
1 00,000 56.68 7 p.m. 141 1 62.66 1 1 9.34 56.06 6 p.m. 1 544 63.05 1 1 9. 1 1  
1 0,000 40.7 8 p.m. 1 544 71 .01 1 1 1 .71 40.7 8 p.m. 1 544 71 .01 1 1 1 .71 
1 ,000 8.14 6 p.m. 1 676 74.54 82.68 7.7 8 p.m. 1 544 71 .01 78.71 
1 00 0.91 6 p.m. 1 676 74.54 75.45 0.83 8 p.m. 1 544 71 .01 71 .84 
1 0-Jul 1 2 3 4 5 6 7 8 9 1 0  
Knoxville Max Cone Time 1 Location Background Difference Max Cone due Time 6 Location Background Difference 
(Real met) due to Source Occurs 1 Occurs Cone @ 3&4 (1 -4) to Srce in Park Occurs 6 Occurs Cone @ 7&8 (6-9) 
1 00,000 1 02.79 6 p.m. 1 681 59. 1 2  43.67 1 00.48 6 p.m. 1614 58.33 42. 1 5  
1 0,000 88.57 6 p.m. 2002 88.59 No Impact 70.94 6 p.m. 1614 58.33 1 2.61 
1 ,000 88.59 6 p.m. 2002 88.59 No Impact 61 .51 1 0 p.m. 1 478 61 .51 No Impact 
1 00 88.59 6 p.m. 2002 88.59 No Impact 61 .51 1 0 p.m. 1 478 61 .51 No Impact 
basecase 88.59 6 p.m. 2002 61 .51 1 0 p.m. 1 478 
1 1  1 2  1 3  1 4  1 5  1 6  1 7  1 8  1 9  20 
Dif. Max Cone Time 1 1  Location Background Max Cone Dif Max in Time 1 6  Location Background Max Cone 
Occurs 1 1  Occurs Cone@ 1 2&13 @ 1 2& 1 3  Park Occurs 1 6  Occurs @ 1 7  & 1 8  @ 1 7&18 
1 00,000 43.67 6 p.m. 1 68 1  59. 1 2  1 02.79 42. 1 5  6 p.m. 1614 58.33 1 00.48 
1 0,000 1 3.01 7 p.m. 1 681 58.36 71 .37 1 2.6 6 p.m. 1 614 58.33 70.93 
1 ,000 1 .82 6 p.m. 1 6 1 2  60.2 62.02 1 .67 7 p.m. 1 61 4  57.29 58.96 
1 00 0.1 9  6 p.m. 1 676 63.02 63.21 0 .16 7 p.m. 1 61 4  57.29 57.45 
-
IV 1 0-Jul 1 2 3 4 5 6 7 8 9 1 0  
Knoxville Max Cone Time 1 Location Background Difference Max Cone due Time 6 Location Background Difference 
(Sunny) due to Source Occurs 1 Occurs Cone @ 3&4 (1 -4) to Srce in Park Occurs 6 Occurs Cone @ 7&8 (6-9) 
1 00,000 1 05 6 p.m. 1 681 58.75 46.25 1 04.2 6 p.m. 1614 57.97 46.23 
1 0,000 92.38 6 p.m. 2002 92.38 No Impact 70.05 6 p.m. 1 61 4  57.97 1 2.08 
1 ,000 92.38 6 p.m. 2002 92.38 No Impact 61 .79 1 0 p.m. 1 478 61 .79 No Impact 
1 00 92.38 6 p.m. 2002 92.38 No Impact 61 .79 1 0 p.m. 1 478 61 .79 No Impact 
basecase 92.38 6 p.m. 2002 61 .79 1 0 p.m. 1 478 
1 1  12 13 1 4  1 5  1 6  1 7  1 8  1 9  2 0  
Dif. Max Cone Time 1 1  Location Background Max Cone Dif Max in Time 1 6  Location Background Max Cone 
Occurs 1 1  Occurs Cone@ 1 2& 1 3  @ 1 2&1 3 Park Occurs 1 6  Occurs @ 1 7  & 1 8  @ 1 7& 1 8  
1 00,000 46.39 7 p.m. 1 682 56.79 1 03.1 8  46.22 6 p.m. 1 61 4  57.98 1 04.2 
1 0,000 1 2.68 6 p.m. 1 6 1 3  58.79 71 .47 1 2.07 6 p.m. 1614 57.98 70.05 
1 ,000 1 .99 7 p.m. 1 808 63.68 65.67 1 .48 6 p.m. 1 61 4  57.98 59.46 
1 00 0.2 7 p.m. 1 808 63.68 63.88 0 . 1 4  6 p.m. 1 61 4  57.98 58. 1 2  
25-Jul 1 2 3 4 5 6 7 8 9 1 0  
Tri-Cities Max Cone Time 1 Location Background Difference Max Cone due Time 6 Location Background Difference 
(Realmet) due to Source Occurs 1 Occurs Cone @ 3&4 (1-4) to Srce in Park Occurs 6 Occurs Cone @ 7&8 (6-9) 
1 00,000 1 01 .51 7 p.m. 1 882 7 1 .99 29.52 97.45 9 p.m. 1 550 67.23 30.22 
1 0,000 93.33 4 p.m. 1 659 93.33 No Impact 76. 1 6  9 p.m. 1 6 1 5  72.65 3.51 
1 ,000 93.33 4 p.m. 1 659 93.33 No Impact 73.05 9 p.m. 161 5 72.65 0.4 
1 00 93.33 4 p.m. 1 659 93.33 No Impact 72.7 9 p.m. 161 5 72.65 0.05 
basecase 93.33 4 p.m. 1 659 72.65 9 p.m. 1 6 1 5  
1 1  1 2  1 3  1 4  1 5  1 6  1 7  1 8  1 9  20 
Dif. Max Cone Time 1 1  Location Background Max Cone Dif Max in Time 1 6  Location Background Max Cone 
Occurs 1 1  Occurs Cone@ 1 2& 1 3  @ 1 2& 1 3  Park Occurs 1 6  Occurs @ 1 7  & 1 8  @ 1 7& 1 8  
1 00,000 40.59 7 p.m. 1 885 55.38 95.97 38.73 8 p.m. 1 685 56.46 95.1 9  
1 0,000 1 2. 1 1  5 p.m. 2491 55.2 67.31 8.89 1 1  p.m. 1 691 48.97 57.86 
1 ,000 1 .89 1 2  p.m. 2823 57.28 59. 1 7  1 .28 1 0  p.m. 1 625 52.74 54.02 
1 00 0.21 12 p.m. 2823 57.28 57.49 0 .13 10 p.m. 1 625 52.74 52.87 
-
N 25-Jul 1 2 3 4 5 6 7 8 9 1 0  N 
Tri-Cities Max Cone Time 1 Location Background Difference Max Cone due Time 6 Location Background Difference 
(Sunny) due to Source Occurs 1 Occurs Cone @ 3&4 (1-4) to Srce in Park Occurs 6 Occurs Cone @ 7&8 (6-9) 
1 00,000 1 09.7 6 p.m. 2082 68.96 40.74 1 04. 1 8  9 p.m. 1 550 64.96 39.22 
1 0,000 96.07 3 p.m. 1 794 96.07 No Impact 74.05 9 p.m. 1 6 1 5  69.89 4.16 
1 ,000 96.07 3 p.m. 1 794 96.07 No Impact 70.36 9 p.m. 1 61 5  69.89 0.47 
1 00 96.07 3 p.m. 1 794 96.07 No Impact 69.94 9 p.m. 161 5 69.89 0.05 
basecase 96.07 3 p.m. 1 794 69.89 9 p.m. 1 6 1 5  
1 1  1 2  1 3  14 1 5  1 6  1 7  1 8  1 9  20 
Dif. Max Cone Time 1 1  Location Background Max Cone Dif Max in Time 1 6  Location Background Max Cone 
Occurs 1 1  Occurs Cone@ 1 2& 1 3  @ 1 2&13 Park Occurs 1 6  Occurs @ 1 7  & 1 8  @ 1 7& 1 8  
1 00,000 48.98 7 p.m. 1 884 57.5 1 06.48 46.21 9 p.m. 1 552 54.63 1 00.84 
1 0,000 1 2.29 5 p.m. 2491 53.87 66. 1 6  8.85 1 0 p.m. 1 625 50.45 59.3 
1 ,000 2.19 1 2  p.m. 2823 57.57 59.76 1 .06 1 0  p.m. 1 625 50.45 51 .51 
1 00 0.24 12 p.m. 2823 57.57 57.81 0. 1 1  8 p.m. 1 756 54. 1 6  54.27 
APPENDIX C 
Summary of UAM Results Using Constant Emissions Densities 
(Donald Brew's Study) 
123 
1 4-Jun 1 2 
Cleveland Max Cone Time 1 
(prelim} due to Source Occurs 
1 00,000 127.3 6 p.m. 
1 0,000 85.5 3 p.m. 
1 ,000 71 .6 1 p.m. 
1 00 68.3 1 p.m. 
basecase 68.06 1 p.m. 
1 1  12  
Dif. Max Cone Time 1 1  
Occurs 
1 00,000 66.2 8 p.m. 
1 0,000 42. 1 12 a.m. 
1 ,000 34.6 12 a.m. 
1 00 34.6 1 2 a.m. 
-
1 4-Jun 1 2 N ""' 
Cleveland Max Cone Time 1 
(second} due to Source Occurs 
1 00,000 127.3 6 p.m. 
1 0,000 85.5 3 p.m. 
1 ,000 71 .6 1 p.m. 
1 00 68.3 1 p.m. 
basecase 68.25 1 p.m. 
1 1  12  
Dif. Max Cone Time 1 1  
Occurs 
1 00,000 61 .51 6 p.m. 
1 0,000 1 8.55 3 p.m. 
1 ,000 5.05 1 1  a.m. 
1 00 0.935 1 1  a.m. 
3 4 5 6 
Location Background Difference Max Cone due 
1 Occurs Conc @ 3&4 (1-4} 
1 343 65.7 61 .6 
1 074 66.8  1 8.7 
937 67.65 3.9 
937 67.65 0.65 
2480 
1 3  1 4  1 5  
Location Background Max Cone 
1 1  Occurs Cone@ 1 2&1 3 @ 1 2&1 3 
1 205 27. 1 8  93.4 
1 406 1 7.74 59.84 
1 406 1 7.74 52.3 
922 1 8.5 53. 1  
3 4 5 






1 6  







Location Background Difference Max Cone due 
1 Occurs Conc @ 3&4 (1-4} 
1 343 65.81 6 1 . 5  
1 074 66.93 1 8. 5  
937 67.84 3.73 
937 67.84 0.46 
2480 
1 3  1 4  1 5  
Location Background Max Cone 
1 1  Occurs Cone@ 12&1 3 @ 1 2&1 3 
1 343 65.81 1 27.3 
1 074 66.93 85.5 
867 62.89 67. 94 
867 62.89 63.83 






1 6  






7 8 9 1 0  
Time 6 Location Background Difference 
Occurs 6 Occurs Cone @ 7&8 (6-9} 
8 p. m. 1 547 64.6 59.7 
8 p.m. 1 479 64.6 1 4.9 
7 p.m. 1 4 1 2  65.44 1 .56 
7 p.m. 1 4 1 2  65.44 0.34 
2 p.m. 1 420 
1 7  1 8  1 9  20 
Time 1 6  Location Background Max Cone 
Occurs 1 6  Occurs @ 1 7  & 1 8  @ 1 7&1 8 
8 p. m. 1 547 64.6 1 24.3 
8 p. m. 1 478 64.6 79.6 
1 2 a.m. 1 280 50.37 58.47 
12 a.m. 1 280 50.37 58.74 
7 8 9 1 0  
Time 6 Location Background Difference 
Occurs 6 Occurs Cone @ 7&8 (6-9} 
8 p.m. 1 545 64.7 59.6 
8 p.m. 1 748 64.75 1 4.77 
8 p.m. 1 478 64.75 2.21 
8 p.m. 1 478 64.75 0.26 
2 p.m. 1 420 
17 18  19 20 
Time 16 Location Background Max Cone 
Occurs 1 6  Occurs @ 1 7  & 1 8  @ 1 7&1 8 
8 p.m. 1 545 64.7 1 24.3 
8 p.m. 1 478 64.75 79.52 
8 p. m. 1 478 64.75 66.96 
8 p.m. 1 478 64.75 65.01 
30-Jun 1 2 
Crossville Max Cone Time 1 
(prelim) due to Source Occurs 
1 00,000 1 25.3 5 p.m. 
1 0,000 84.9 5 p.m. 
1 ,000 73.36 6 p.m. 
1 00 73.25 6 p.m. 
base case 73.25 6 p.m. 
1 1  12  
Dif. Max Cone Time 1 1  
Occurs 
1 00,000 57.2 S p.m. 
1 0,000 17.68 5 p.m. 
1 ,000 3. 1 1  3 p.m. 
1 00 0.35 1 2 p.m. 
-
30-Jun 1 2 1--) v. 
Crossville Max Cone Time 1 
(second) due to Source Occurs 
1 00,000 1 30.2 5 p.m. 
1 0,000 90 S p.m. 
1 ,000 74.94 5 p.m. 
1 00 73.25 6 p.m. 
basecase 73.25 6 p.m. 
1 1  12  
Dif. Max Cone Time 1 1  
Occurs 
1 00,000 58 5 p.m. 
1 0,000 1 8. 1  3 p.m. 
1 ,000 3.05 3 p.m. 
1 00 0.35 12 p.m. 
3 4 5 6 
Location Background Difference Max Cone due 
1 Occurs Conc @ 3&4 (1 -4) to Srce in Park 
2 1 97 68.61 56.7 no impact 
2129 67.21 1 7. 7  
2470 72.64 0.72 
2 1 48 73.25 0 
2 1 48 
1 3  1 4  1 5  1 6  
Location Background Max Cone Dif Max in 
1 1  Occurs Cone@ 12&1 3 @ 1 2& 1 3  Park 
2 1 96 67.89 1 25. 1 0.22 
2 1 29 67.21 84.9 0 
2058 66.52 69.63 0 
1 987 62.09 62.44 0 
3 4 5 6 
Location Background Difference Max Cone due 
1 Occurs Conc @ 3&4 ( 1 -4) 
2 1 96 72.1 8  58.02 
2 129 72. 1 8  1 7.82 
2 1 29 72. 1 8  2.76 
2148 73.25 0 
2 1 48 
1 3  1 4  1 5  
Location Background Max Cone 
1 1  Occurs Cone@ 12&1 3 @ 1 2& 1 3  
2196 72.1 8  1 30.2 
2057 71 .44 89.54 
2058 71 .46 74. 5 1  
1 987 67.23 67. 58 
to Srce in Park 
no impact 
1 6  
Dif Max in 
Park 
7 8 9 1 0  
Time S Location Background Difference 
Occurs 6 Occurs Cone @ 7&8 (6-9) 
1 7  1 8  1 9  20 
Time 1 6  Location Background Max Cone 
Occurs 1 6  Occurs @ 1 7  & 1 8  @ 1 7& 1 8  
1 8  1 6 1 4  
7 8 9 1 0  
Time S Location Background Difference 
Occurs 6 Occurs Cone @ 7&8 (6-9) 
1 7  1 8  1 9  20 
Time 1 6  Location Background Max Cone 
Occurs 1 6  Occurs @ 1 7  & 1 8  @ 1 7& 1 8  
7-Jul 1 2 3 4 5 6 7 8 9 1 0  
Knoxville Max Cone Time 1 Location Background Difference Max Cone due Time 6 Location Background Difference 
(prelim) due to Source Occurs 1 Occurs Cone @ 3&4 (1-4) to Srce in Park Occurs 6 Occurs Cone @ 7&8 (6-9) 
1 00,000 145.2 8 p.m. 1 476 76.7 68.5 1 42 6 p.m. 1 544 77. 1 64.9 
1 0,000 1 23.3 6 p.m. 1 676 77.3 46 1 20.9 8 p.m. 1 544 76.5 44.4 
1 ,000 86.5 6 p.m. 1 676 77.3 9.2 85 8 p.m. 1 544 76. 5  8.5 
1 00 78.38 6 p.m. 1 676 77.32 1 .06 77.94 7 p.m. 1 544 77. 1 4  0 . 8  
base case 81 .81 7 p.m. 1 92 77.55 ? p.m. 1 685 
1 1  12  13  1 4  1 5  1 6  1 7  1 8  1 9  20 
Dif. Max Cone Time 1 1  Location Background Max Cone Dif Max in Time 1 6  Location Background Max Cone 
Occurs 1 1  Occurs Cone@ 1 2&1 3 @ 1 2&1 3 Park Occurs 1 6  Occurs @ 1 7  & 1 8  @ 1 7&1 8 
1 00,000 68.5 8 p.m. 1 476 76.7 1 45.2 64.9 6 p.m. 1 544 77. 1 1 42 
1 0,000 46 6 p.m. 1 676 77.3 1 23.3 44.4 8 p.m. 1 544 76.5  1 20.9 
1 ,000 9.2 6 p. m. 1 676 77.3 86. 5  8.5 8 p. m. 1 544 76.5  85 
1 00 1 .06 6 p.m. 1 676 77.32 78.38 0.97 8 p.m. 1 544 76.5  77.47 
.... 
7-Jul 1 2 3 4 5 6 7 8 9 1 0  N 0'1 
Knoxville Max Cone Time 1 Location Background Difference Max Cone due Time 6 Location Background Difference 
(second) due to Source Occurs 1 Occurs Cone @ 3&4 (1-4) to Srce in Park Occurs 6 Occurs Conc @ 7&8 (6-9) 
1 00,000 1 45.7 8 p.m. 1 476 76.9 68.8 1 42.4 6 p.m. 1 544 77.26 65. 1 4  
1 0,000 123.5 6 p.m. 1 676 77.52 46 1 2 1 . 1  8 p.m. 1 544 76.65 44.45 
1 ,000 86.74 6 p.m. 1 676 77.52 9.22 85. 1 6  8 p.m. 1 544 76.65 8.51 
1 00 78.58 6 p.m. 1 676 77.52 1 .06 78.1 3 7 p.m. 1 544 77.33 0.8 
basecase 79.02 7 p.m. 1 949 77.74 7 p.m. 1 685 
1 1  12  1 3  1 4  1 5  1 6  1 7  1 8  1 9  20 
Dif. Max Cone Time 1 1  Location Background Max Cone Dif Max in Time 1 6  Location Background Max Cone 
Occurs 1 1  Occurs Cone@ 1 2& 1 3  @ 1 2& 1 3  Park Occurs 1 6  Occurs @ 1 7  & 1 8  @ 1 7& 1 8  
1 00,000 68.81 8 p.m. 1 476 76.9 1 45.7 65. 1 6 p.m. 1 544 77.26 1 42.36 
1 0,000 46.03 6 p. m. 1 676 77.52 1 23.55 44.4 8 p.m. 1 544 76.65 1 2 1 . 1  
1 ,000 9.22 6 p. m. 1 676 77.52 86.74 8.5 8 p.m. 1 544 76.65 85. 1 5  
1 00 1 .06 6 p.m. 1 676 77.52 78.58 0.97 8 p.m. 1 544 76.65 77.62 
1 0-Jul 1 2 
Knoxville Max Cone Time 1 
(prelim) due to Source Occurs 
1 00,000 1 1 9.1  6 p. m. 
1 0,000 84.9 4 p.m. 
1 ,000 73.4 6 p.m. 
1 00 71 .48 7 p.m. 
basecase 73.6 4 p.m. 
1 1  1 2  
Dif. Max Cone Time 1 1  
Occurs 
1 00,000 48 6 p.m. 
1 0,000 1 3.24 4 p.m. 
1 ,000 2.14 7 p.m. 
1 00 0.234 7 p.m. 
-
1 0-Jul 1 2 N -..J 
Knoxville Max Cone Time 1 
(second) due to Source Occurs 
1 00,000 1 1 9.3 6 p.m. 
1 0,000 85.1 4 p.m. 
1 ,000 73.75 4 p.m. 
1 00 72.25 5 p. m. 
basecase 72.29 4 p.m. 
1 1  1 2  
Dif. Max Cone Time 1 1  
Occurs 
1 00,000 48 6 p.m. 
1 0,000 1 3.24 4 p.m. 
1 ,000 2.14 7 p.m. 
1 00 0.234 7 p.m. 
3 4 5 6 
Location Background Difference Max Cone due 
1 Occurs Cone @ 3&4 (1-4) 
1 6 1 4  7 1 . 1  48 
1743 7 1 .7 1 3.2 
1 741 7 1 . 5  1 .9 
1 808 71 .25 0.23 
1 075 
1 3  1 4  1 5  
Location Background Max Cone 
1 1  Occurs Cone@ 1 2& 1 3  @ 1 2& 1 3  
1 6 1 4  71 . 1  1 1 9. 1 
1 743 71 .7 84.9  
1 808 71 .25 73.39 
1 808 71 .25 71 .48 
3 4 5 
to Srce in Park 





1 6  




1 .6 1  
0. 1 6  
6 
Location Background Difference Max Cone due 
1 Occurs Cone @ 3&4 (1 -4) to Srce in Park 
1 6 1 4  71 .31  48 1 1 9. 3  
1 743 71 .86 1 3.24 83.7 
1 743 7 1 . 86 1 .89 72.9 
2280 72. 1 5  0. 1 71 .47 
201 7 72. 1  
1 3  1 4  1 5  1 6  
Location Background Max Cone Dif Max in 
1 1  Occurs Cone@ 1 2&1 3 @ 12& 1 3  Park 
1 6 1 4  71 .31 1 1 9.3 48 
1 743 71 .86 85. 1 12.4 
1 808 71 .43 73.57 1 .61 
1 808 71 .43 71 .66 0. 1 6  
7 8 9 1 0  
Time 6 Location Background Difference 
Occurs 6 Occurs Cone @ 7&8 (6-9) 
6 p.m. 1 6 1 4  71 . 1  48 
6 p.m. 1 6 1 4  71 . 1  1 2.4 
6 p.m. 1 6 1 4  7 1 . 1  1 .6 
6 p.m. 1614 71 . 1 1  0 . 1 6  
3 p.m. 1 284 
1 7  1 8  1 9  20 
Time 1 6  Location Background Max Cone 
Occurs 1 6  Occurs @ 1 7  & 1 8  @ 1 7& 1 8  
6 p. m. 1614 71 . 1 1  1 1 9. 1 
6 p.m. 1 6 1 4  71 . 1 1  83.5 
6 p.m. 1 6 1 4  71 . 1 1 72.7 
6 p.m. 1 6 1 4  71 . 1 1 71 .27 
7 8 9 1 0  
Time 6 Location Background Difference 
Occurs 6 Occurs Cone @ 7&8 (6-9) 
6 p.m. 1 6 1 4  71 . 1 1  48.2 
6 p.m. 1 6 1 4  71 . 1 1 1 2.59 
6 p.m. 1614 7 1 . 1 1 1 .79 
6 p.m. 1 6 1 4  71 . 1 1 0 .36 
4 p.m. 1286 
1 7  1 8  1 9  20 
Time 16 Location Background Max Cone 
Occurs 16 Occurs @ 1 7  & 1 8  @ 1 7& 1 8  
6 p.m. 1 6 1 4  71 . 1 1  1 1 9. 1 
6 p.m. 1614 71 . 1 1  83.51 
6 p.m. 1614 71 . 1 1 72.72 
6 p. m. 1614 71 . 1 1  71 .27 
25-Jul 1 2 
Tri-Cities Max Cone Time 1 
(prelim) due to Source Occurs 
1 00,000 120.31 5 p.m. 
1 0, 000 82.51 4 p. m. 
1 ,000 73.05 12 
1 00 72.59 1 1  
basecase 72.59 1 1  
1 1  12  
Dif. Max Cone Time 1 1  
Occurs 
1 00,000 49. 1 8  1 3  
1 0,000 12.47 1 0  
1 ,000 2.44 6 
1 00 0.29 5 
-
25-Jul 1 2 N 00 
Tri-Cities Max Cone Time 1 
(second) due to Source Occurs 
1 00,000 1 22.86 1 3  
1 0,000 84.5 1 1  
1 ,000 73.51 1 1  
1 00 72.61 1 2  
base case 72.59 12 
1 1  12  
Dif. Max Cone Time 1 1  
Occurs 
1 00,000 51 .53 14 
1 0,000 1 2.64 1 1  
1 ,000 2.44 6 
1 00 0.29 5 
3 4 5 6 
Location Background Difference Max Cone due 
1 Occurs Cone @ 3&4 ( 1 -4) 
221 6  71 .42 48.9 
2350 71 .39 1 1 . 1  
1 950 72. 1 8  0.87 
1 947 72.59 0 
1 947 
1 3  1 4  1 5  
Location Background Max Cone 
1 1  Occurs Cone@ 1 2& 1 3  @ 12& 1 3  
1 884 70.84 1 20 
2491 67.88 80.4 
281 9  65.69 68. 1 
2821 6 1 .02 6 1 .3 
3 4 5 





1 6  




1 . 1 8  
0 
6 
Location Background Difference Max Cone due 
1 Occurs Conc @ 3&4 (1-4) 
2092 71 .35 51 .51 
2491 71 .87 1 2.63 
2558 71 .98 1 .53 
1 947 72.59 0.02 
1 947 
1 3  1 4  1 5  
Location Background Max Cone 
1 1  Occurs Cone@ 1 2&1 3 @ 1 2&1 3 
2026 69.53 121 .06 
2491 71 .87 84.51 
2819 65.84 68.28 
2821 61 .03 61 .32 
to Srce in Park 
1 1 5.5 
77.9 
72. 1  
72.5 
1 6  
Dif Max i n  
Park 




7 8 9 1 0  
Time S Location Background Difference 
Occurs 6 Occurs Cone @ 7&8 (6-9) 
1 4  1 685 69. 1 3  45.7 
1 4  1 685 69. 1 3  8.2 
14 1 6 1 7  69.73 0.77 
14 1 2 1 3  70.2 0 
1 7  1 8  1 9  20 
Time 16 Location Background Max Cone 
Occurs 16 Occurs @ 1 7  & 1 8  @ 1 7& 1 8  
1 5  1 552 66.92 1 1 2.85 
16 1 626 6 1 .87 70.87 
1 7  1 691 57.05 58.23 
7 8 9 1 0  
Time S Location Background Difference 
Occurs 6 Occurs Cone @ 7&8 (6-9) 
1 4  1 685 69.7 45.8 
1 4  1 685 69.7 8.2 
1 3  1 691  7 1 .6 1  0.49 
0 
1 2  1 547 
1 7  1 8  1 9  20 
Time 1 6  Location Background Max Cone 
Occurs 1 6  Occurs @ 1 7  & 1 8  @ 1 7&1 8 
1 5  1 552 67.71 1 1 3.81 
16 1 625 65. 1 6  74.26 
1 3  1 691 71 .61 72. 1  
APPENDIX D 
Surface Meteorological Data Used in UAMBEIS-2 
129 
June 14, 1990 Meteorological Data for the Three Stations 
Station ID : 
Chattanooga: 1 3882 
Tri-Cities : 13877 
Knoxville : 1389 1  
See Table 4.2 for the fonnat 
90061400 3 
1 3882 35.03 85.20 40. 40. 00. 5000. 00. 3420. 00. 3420. 1 .0 0.0 0.0 294.7 289.7 1 .0 
1389 1 35.80 84.00 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 1 80.0 2. 1 293.6 289.5 1 .0 
1 3877 36.48 82.40 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 50.0 1 .6 290.8 287. 1 1 .0 
90061401 3 
1 3 882 35.03 85.20 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 190.0 2 . 1  294.7 289.7 1 .0 
1 3891 35.80 84.00 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 230.0 2.6 294. 1 289.5 1 .0 
13877 36.48 82.40 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 50.0 2.6 290.2 287.1  1 .0 
90061402 3 
1 3 882 35.03 85 .20 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 0.0 0.0 293.0 289.7 1 .0 
1 389 1 35.80 84.00 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 350.0 1 .5  292.4 289.5 1 .0 
1 3 877 36.48 82.40 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 0.0 0.0 290.8 287.1  1 .0 
9006 1403 3 
1 3882 35.03 85.20 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 0.0 0.0 293.0 289.7 1 .0 
1389 1  35.80 84.00 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 350.0 1 .5 292.4 289.5 1 .0 
1 3877 36.48 82.40 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 0.0 0.0 290.8 287. 1 1 .0 
9006 1404 3 
13882 35.03 85.20 40. 40. 00. 5000. 00. 3420. 00. 3420. 1 .0 0.0 0.0 292.4 289.7 1 .0 
1 389 1 35.80 84.00 20. 20. 00. 5000. 00. 3420. 00. 3420. 1 .0 1 50.0 2.6 29 1 .5 289.5 1 .0 
13877 36.48 82.40 50. 50. 00. 5000. 00. 3420. 00. 3420. 1 .0 50.0 2. 1 289.7 287. 1 1 .0 
90061405 3 
1 3 882 35.03 85.20 40. 80. 40. 5000. 40. 3420. 40. 3420. 1 .0 0.0 0.0 29 1 .8 289.7 1 .0 
1 3891 35.80 84.00 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 1 60.0 1 .5 29 1 .5 289.5 1 .0 
1 3877 36.48 82.40 30. 30. 00. 5000. 00. 3420. 00. 3420. 1 .0 0.0 0.0 289.7 287.1  1 .0 
90061 406 3 
1 3882 35.03 85.20 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 0.0 0.0 291 .8  289.7 1 .0 
13891  35.80 84.00 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 0.0 0.0 291 .9 289.5 1 .0 
1 3877 36.48 82.40 30. 30. 00. 5000. 00. 3420. 00. 3420. 1 .0 0.0 0.0 289 . 1  287. 1 1 .0 
9006 1407 3 
1 3882 35 .03 85.20 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 0.0 0.0 294.1  289.7 1 .0 
1 3891 35.80 84.00 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 0.0 0.0 293.0 289.5 1 .0 
13877 36.48 82.40 50. 50. 00. 5000. 00. 3420. 00. 3420. 1 .0 0.0 0.0 290.8 287. 1 1 .0 
9006 1408 3 
1 3882 35.03 85.20 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 0.0 0.0 296.9 289.7 1 .0 
1 389 1 35.80 84.00 20. 20. 00. 5000. 00. 3420. 00. 3420. 1 .0 130.0 2. 1 295.8 289.5 1 .0 
13877 36.48 82.40 so. 50. 00. 5000. 00. 3420. 00. 3420. 1 .0 190.0 1 .6 293.0 287. 1  1 .0 
9006 1409 3 
1 3882 35 .03 85.20 30. 30. 00. 5000. 00. 3420. 00. 3420. 1 .0 160.0 2. 1 299.7 289.7 1 .0 
1 389 1 35.80 84.00 1 0. 1 0. 00. 5000. 00. 3420. 00. 3420. 1 .0 230.0 3 . 1  297.4 289.5 1 .0 
13877 36.48 82.40 20. 20. 00. 5000. 00. 3420. 00. 3420. 1 .0 240.0 3 . 1  295.8 287.1  1 .0 
9006 1410  3 
1 3882 35.03 85.20 40. 40. 00. 5000. 00. 3420. 00. 3420. 1 .0 0.0 0.0 3 0 1 .3 289.7 1 .0 
1 389 1 35.80 84.00 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 220.0 3.6 300.2 289.5 1 .0 
1 3817 36.48 82.40 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 3 10.0 2. 1 298.0 287. 1 1 .0 
1 30 
9006 I 4 I I 3 
I 3882 35.03 85.20 50. 60. I O. I 98 1 .  I O. 3420. I O. 3420. I .O 250.0 5.2 302.4 289.7 1 .0 
I389 I  35 .80 84.00 20. 20. 00. 5000. 00. 3420. 00. 3420. I .O 250.0 2.6 300.8 289.5 1 .0 
I3877 36.48 82.40 IO.  20. I O. 5000. IO. 3420. 10. 3420. 1 .0 250.0 3.7 299.7 287. 1 1 .0 
9006I412 3 
I3882 35.03 85.20 80. 80. 00. I 98 I .  00. 3420. 00. 3420. 1 .0 250.0 3.6 3 0 1 .9 289.7 1 .0 
13891 35.80 84.00 20. 20. 00. 5000. 00. 3420. 00. 3420. I .O 220.0 1 .5 30 1 .3 289.5 1 .0 
13 877 36.48 82.40 60. 80. 20. 7620. 20. 3420. 20. 3420. I .O 290.0 4.2 300.2 287. I 1 .0 
9006I 4 1 3  3 
I 3882 35.03 85.20 80. 80. 00. 5000. 00. 3420. 00. 3420. I .O 260.0 4.7 304. I 289.7 1 .0 
I 389 1 35.80 84.00 60. 60. 00. I 677. 00. 3420. 00. 3420. I .O 230.0 4.I  302.4 289.5 1 .0 
13877 36.48 82.40 70. 80. I O. 7620. I O. 3420. IO. 3420. I .O 280.0 5 .8 300.2 287 . I  1 .0 
9006 I414 3 
13882 35.03 85.20 50. 50. 00. 5000. 00. 3420. 00. 3420. 1 .0 250.0 2.6 304.7 289.7 1 .0 
I 389 I 35.80 84.00 IOO. I OO. 00. I250. 00. 3420. 00. 3420. I .O 320.0 3 .6 300.8 289.5 1 .0 
I3877 36.48 82.40 70. 80. I O. 7620. IO. 3420. IO. 3420. 1 .0 260.0 3.7 300.2 287. I 1 .0 
9006I 4 I 5  3 
I 3882 35 .03 85.20 50. 50. 00. 5000. 00. 3420. 00. 3420. I .O 200.0 3 .6 305.2 289.7 1 .0 
1389I 35.80 84.00 IOO. IOO. 00. 945. 00. 3420. 00. 3420. 1 .0 230.0 3 .6 297.4 289.5 1 .0 
I3877 36.48 82.40 50. 50. 00. 5000. 00. 3420. 00. 3420. I .O 280.0 3.7 30 1 .9 287. I 1 .0 
9006I4I6  3 
I3882 35.03 85.20 60. 60. 00. I 372. 00. 3420. 00. 3420. I .O 250.0 2.6 305.8 289.7 1 .0 
1389I 35.80 84.00 30. 30. 00. 5000. 00. 3420. 00. 3420. 1 .0 I 90.0 3 . I  300.2 289.5 1 .0 
13877 36.48 82.40 60. 60. 00. 1372. 00. 3420. 00. 3420. I.O 280.0 5.2 301 .3 287. 1 1 .0 
9006I4I7 3 
I 3882 35 .03 85.20 60. 60. 00. I372. 00. 3420. 00. 3420. 1 .0 230.0 2.6 304.7 289.7 1 .0 
I389I 35.80 84.00 00. 20. 20. 5000. 20. 3420. 20. 3420. 1 .0 I 60.0 2.6 302.4 289.5 1 .0 
I3877 36.48 82.40 30. 30. 00. 5000. 00. 3420. 00. 3420. 1 .0 220.0 2. I 301 .3 287. I 1 .0 
9006 14I 8 3 
I3882 35.03 85.20 50. 50. 00. 5000. 00. 3420. 00. 3420. 1 .0 240.0 4.I  304.7 289.7 1 .0 
I389I 35.80 84.00 IO. 30. 20. 5000. 20. 3420. 20. 3420. 1 .0 220.0 3 . I  3 0 1 .3 289.5 1 .0 
I3877 36.48 82.40 IO.  IO. 00. 5000. 00. 3420. 00. 3420. I .O 240.0 4.2 300.8 287. I 1 .0 
9006I4I9  3 
I 3882 35.03 85.20 90. 90. 00. 2743. 00. 3420. 00. 3420. I .O 230.0 2.6 303.0 289.7 1 .0 
1389 I  35.80 84.00 30. 80. 50. 5000. 50. 3420. 50. 3420. I .O 270.0 2 . I  300.2 289.5 1 .0 
I3877 36.48 82.40 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 270.0 4.2 299.7 287. I 1 .0 
9006 I420 3 
13882 35.03 85.20 90. 90. 00. 2438. 00. 3420. 00. 3420. 1 .0 240.0 2.6 302.4 289.7 1 .0 
1389I 35.80 84.00 30. 70. 40. 5000. 40. 3420. 40. 3420. 1 .0 2IO.O 2.6 299.I  289.5 1 .0 
1 3 877 36.48 82.40 IO.  I O. 00. 5000. 00. 3420. 00. 3420. I .O 240.0 3.7 296.9 287.I  1 .0 
9006 I42 I  3 
I 3882 35 .03 85.20 90. 90. 00. 2743. 00. 3420. 00. 3420. 1 .0 2 I O.O 3.6 299. I 289.7 1 .0 
I389I 35.80 84.00 30. 80. 50. 5000. 50. 3420. 50. 3420. 1 .0 230.0 2.6 298.6 289.5 1 .0 
1 3 877 36.48 82.40 90. 90. 00. 9I44. 00. 3420. 00. 3420. 1 .0 220.0 3 . I  296.3 287.I  1 .0 
9006I422 3 
I3882 35.03 85.20 60. 80. 20. 7620. 20. 3420. 20. 3420. 1 .0 0.0 0.0 298.0 289.7 1 .0 
1 389 I 35.80 84.00 60. 80. 20. 7620. 20. 3420. 20. 3420. I .O 200.0 2.6 296.9 289.5 1 .0 
13877 36.48 82.40 90. 90. 00. 9I44. 00. 3420. 00. 3420. 1 .0 1 50.0 2.6 296.3 287 . I  1 .0 
1 3 I  
9006 1423 3 
13882 35.03 85.20 60. 70. 10. 7620. 10. 3420. 10. 3420. 1 .0 0.0 0.0 296.9 289.7 1 .0 
1 389 1 35.80 84.00 40. 70. 30. 7620. 30. 3420. 30. 3420. 1 .0 3 10.0 2. 1 296.9 289.5 1 .0 
13877 36.48 82.40 70. 90. 20. 9144. 20. 3420. 20. 3420. 1 .0 0.0 0.0 295.8 287. 1 1 .0 
9006 1424 3 
1 3882 35.03 85.20 60. 70. 1 0. 7620. 10. 3420. 10. 3420. 1 .0 0.0 0.0 296.9 289.7 1 .0 
1 389 1 35.80 84.00 40. 70. 30. 7620. 30. 3420. 30. 3420. 1 .0 3 1 0.0 2.1 296.9 289.5 1 .0 
1 3877 36.48 82.40 70. 90. 20. 9144. 20. 3420. 20. 3420. 1 .0 0.0 0.0 295.8 287. 1 1 .0 
1 32 
June 30, 1 990 Meteorological Data for the Three Stations 
Station ID : 
Chattanooga: 13882 
Tri-Cities : 13877 
Knoxville : 13891 
93063000 3 
1 3 882 35 .03 85 .20 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 0.0 0.0 298.0 292.7 1 .0 
1 389 1 35.80 84.00 00. 00. 00. 7620. 00. 3420. 00. 3420. 1 .0 0.0 0.0 298.0 293 .8 1 .0 
1 3 877 36.48 82.40 00. 00. 00. 9144. 00. 3420. 00. 3420. 1 .0 0.0 0.0 294.6 289.3 1 .0 
9306300 1 3 
1 3 882 35.03 85.20 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 0.0 0.0 296.3 292.7 1 .0 
1 3891 35.80 84.00 00. 00. 00. 7620. 00. 3420. 00. 3420. 1 .0 250.0 1 .5 298.0 293.8 1 .0 
1 3 877 36.48 82.40 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 0.0 0.0 294.6 289.3 1 .0 
93063002 3 
1 3 882 35 .03 85.20 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 0.0 0.0 296.9 292.7 1 .0 
1 3891 35.80 84.00 00. 00. 00. 7620. 00. 3420. 00. 3420. 1 .0 230.0 2. 1 297.4 293. 8  1 .0 
1 3 877 36.48 82.40 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 0.0 0.0 293.5 289.3 1 .0 
93063003 3 
1 3 882 35.03 85.20 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 0.0 0.0 295.8 292.7 1 .0 
13891  35 .80 84.00 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 250.0 2.1  296.9 293.8 1 .0 
1 3 877 36.48 82.40 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 0.0 0.0 292.4 289.3 1 .0 
93063004 3 
1 3 882 35 .03 85.20 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 0.0 0.0 295.8 292.7 1 .0 
1 389 1 35 .80 84.00 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 240.0 3 . 1  296.3 293.8 1 .0 
1 3 877 36.48 82.40 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 0.0 0.0 291 .9 289.3 1 .0 
93063005 3 
1 3882 35.03 85.20 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 0.0 0.0 295.2 292.7 1 .0 
1 389 1 35 .80 84.00 00. 00. 00. 7620. 00. 3420. 00. 3420. 1 .0 230.0 3 . 1  296.3 293.8 1 .0 
1 3877 36.48 82.40 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 0.0 0.0 29 1 .3 289.3 1 .0 
93063006 3 
1 3 882 35.03 85.20 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 0.0 0.0 294.7 292.7 1 .0 
1 3 89 1  35.80 84.00 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 230.0 3 . 1  295.8 293 .8 1 .0 
1 3 877 36.48 82.40 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 0.0 0.0 29 1 .3 289.3 1 .0 
93063007 3 
1 3 882 35.03 85.20 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 0.0 0.0 296.9 292.7 1 .0 
1 3 89 1  35.80 84.00 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 240.0 3 . 1  296.9 293.8 1 .0 
1 3877 36.48 82.40 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 0.0 0.0 293.5 289.7 1 .0 
93063008 3 
1 3 882 35.03 85.20 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 0.0 0.0 300.2 292.7 1 .0 
1 389 1 35.80 84.00 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 230.0 4.6 298.6 293.8 1 .0 
1 3 877 36.48 82.40 00. 00. 00. 9 144. 00. 3420. 00. 3420. 1 .0 1 80.0 1 .6 295.8 289.7 1 .0 
93063009 3 
1 3 882 35.03 85.20 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 290.0 2.6 3 0 1 .9 292.7 1 .0 
1 389 1 35 .80 84.00 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 220.0 3.6 300.2 293.8 1 .0 
1 3 877 36.48 82.40 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 230.0 3 . 1  299. 1 289.7 1 .0 
93063010 3 
1 3 882 3 5.03 85.20 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 270.0 2.6 303 .6 292.7 1 .0 
1 3 89 1  35.80 84.00 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 260.0 2.6 30 1 .9 293 .8 1 .0 
1 3 877 36.48 82.40 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 250.0 5 .2 300.2 289.7 1 .0 
133 
9306301 1 3 
1 3882 35.03 85.20 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 3 1 0.0  3 .6  304.7 292.7 1 .0  
1 389 1 35 .80 84.00 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 240.0 2.6 303.6 293.8 1 .0 
13877 36.48 82.40 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 270.0 6.2 3 0 1 .3 289.7 1 .0 
93063012 3 
1 3882 35.03 85.20 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 280.0 2. 1 305.2 292.7 1 .0 
1 3891 35.80 84.00 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 250.0 3 . 1  304.7 293.8 1 .0 
1 3 877 36.48 82.40 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 250.0 7.3 303.0 289.7 1 .0 
93063013 3 
1 3882 35.03 85.20 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 260.0 3 .6 306.3 292.7 1 .0 
1 3891 35.80 84.00 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 260.0 3 .6 305.8 293.8 1 .0 
1 3877 36.48 82.40 00. 00. 00. 9144. 00. 3420. 00. 3420. 1 .0 260.0 6.7 303.6 289.7 1 .0 
930630 14 3 
1 3882 35.03 85.20 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 290.0 3 .6 306.9 292.7 1 .0 
1 3891 35.80 84.00 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 250.0 3 .6 305.8 293.8 1 .0 
1 3 877 36.48 82.40 00. 00. 00. 9144. 00. 3420. 00. 3420. 1 .0 240.0 5.2 304. 1 289.7 1 .0 
930630 1 5  3 
1 3882 35.03 85.20 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 290.0 6.2 306.9 292.7 1 .0 
1 3891 35.80 84.00 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 260.0 5 . 1  306.9 293.8 1 .0 
1 3877 36.48 82.40 00. 00. 00. 7620. 00. 3420. 00. 3420. 1 .0 270.0 7.3 304.7 289.7 1 .0 
930630 16 3 
1 3882 35.03 85.20 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 280.0 5.7 307.4 292.7 1 .0 
1 3891 35.80 84.00 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 270.0 2.6 306.0 293.8 1 .0 
1 3877 36.48 82.40 00. 00. 00. 7620. 00. 3420. 00. 3420. 1 .0 280.0 5.2 304.7 289.7 1 .0 
9306301 7  3 
1 3882 35 .03 85.20 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 290.0 5.2 306.9 292.7 1 .0 
1 389 1 35.80 84.00 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 330.0 4. 1 306.9 293.8 1 .0 
1 3 877 36.48 82.40 00. 00. 00. 1 524. 00. 3420. 00. 3420. 1 .0 270.0 6.7 303.6 289.7 1 .0 
930630 1 8  3 
1 3882 35.03 85.20 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 260.0 5.2 306.3 292.7 1 .0 
1 3891 35.80 84.00 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 340.0 3.6 305.2 293.8 1 .0 
1 3877 36.48 82.40 00. 00. 00. 7620. 00. 3420. 00. 3420. 1 .0 270.0 4.7 303.0 289.7 1 .0 
930630 1 9  3 
1 3882 35.03 85.20 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 280.0 4. 1 304.7 292.7 1 .0 
1 3891 35.80 84.00 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 260.0 2.6 303.6 293.8 1 .0 
1 3877 36.48 82.40 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 280.0 5.2 303.2 289.7 1 .0 
93063020 3 
1 3882 35.03 85.20 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 260.0 3.6 303.6 292.7 1 .0 
1 3891 35 .80 84.00 00. 00. 00. 7620. 00. 3420. 00. 3420. 1 .0 260.0 2.6 302.4 293.8 1 .0 
1 3877 36.48 82.40 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 240.0 3 . 1  300.2 289.7 1 .0 
9306302 1 3 
1 3882 35 .03 85.20 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 290.0 2.6 302.4 292.7 1 .0 
1 3891 35.80 84.00 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 240.0 3 . 1  300.8 293.8 1 .0 
1 3877 36.48 82.40 00. 00. 00. 7620. 00. 3420. 00. 3420. 1 .0 230.0 3 . 1  298.6 289.7 1 .0 
93063022 3 
1 3882 35.03 85.20 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 240.0 1 .6 300.8 292.7 1 .0 
1 389 1 35.80 84.00 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 2 10.0 3 . 1  299. 1 293.8 1 .0 
1 3877 36.48 82.40 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 240.0 5.7 299.7 289.7 1 .0 
1 34 
93063023 3 
13882 35.03 85.20 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 2 1 0.0 3.6 300.8 292.7 1 .0 
1389 1 35.80 84.00 00. 00. 00. 3353. 00. 3420. 00. 3420. 1 .0 290.0 2.1  298.6 293.8 1 .0 
13877 36.48 82.40 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 270.0 5.2 299.7 289.7 1 .0 
93063024 3 
13882 35.03 85.20 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 2 1 0.0 3.6 300.8 292.7 1 .0 
1389 1 35.80 84.00 00. 00. 00. 3353. 00. 3420. 00. 3420. 1 .0 290.0 2.1 298.6 293.8 1 .0 
13877 36.48 82.40 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 270.0 5.2 299.7 289.7 1 .0 
135 
July 07, 1 990 Meteorological Data for the Three Stations 
Station ID : 
Chattanooga: 13882 
Tri-Cities : 13877 
Knoxville : 13891 
93070700 3 
13882 35.03 85.20 1 0. 30. 20. 5000. 20. 3420. 20. 3420. 1 .0 360.0 1 .6 298.0 293.8 1 .0 
1 389 1 35.80 84.00 20. 20. 00. 5000. 00. 3420. 00. 3420. 1 .0 20.0 2.6 298.0 291 .0 1 .0 
1 3 877 36.48 82.40 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 20.0 2.6 294. 1 288.0 1 .0 
9307070 1 3 
1 3882 35.03 85.20 20. 20. 00. 5000. 00. 3420. 00. 3420. 1 .0 250.0 1 .6 297.4 293.8 1 .0 
13891 35 .80 84.00 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 340.0 3 . 1  298.0 291 .0 1 .0 
13877 36.48 82.40 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 1 0.0 2.6 294.6 288.0 1 .0 
93070702 3 
13882 35.03 85.20 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 0.0 0.0 297.4 293.8 1 .0 
13891 35.80 84.00 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 0.0 0.0 296.3 29 1 .0 1 .0 
1 3877 36.48 82.40 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 0.0 0.0 293.0 288.0 1 .0 
93070703 3 
1 3 882 35.03 85.20 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 0.0 0.0 296.3 293.8 1 .0 
13891 35.80 84.00 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 20.0 2. 1 295.8 29 1 .0 1 .0 
1 3877 36.48 82.40 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 100.0 1 .6 293.0 288.0 1 .0 
93070704 3 
1 3882 35.03 85.20 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 0.0 0.0 295.8 293.8 1 .0 
1 389 1 35.80 84.00 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 1 0.0 3.6 295.2 29 1 .0 1 .0 
13877 36.48 82.40 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 350.0 1 .6 29 1 .3 288.0 1 .0 
93070705 3 
13882 35.03 85.20 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 1 0.0 1 .6 296.3 293.8 1 .0 
13891 35.80 84.00 20. 30. 1 0. 5000. 1 0. 3420. 10. 3420. 1 .0 20.0 2.6 294. 1 291 .0 1 .0 
1 3877 36.48 82.40 10. 20. 10.  5000. 10. 3420. 1 0. 3420. 1 .0 60.0 1 .6 290.8 288.0 1 .0 
93070706 3 
1 3882 35 .03 85.20 1 0. 30. 20. 5000. 20. 3420. 20. 3420. 1 .0 360.0 1 .6 296.3 293.8 1 .0 
13891 35 .80 84.00 30. 40. 1 0. 5000. 1 0. 3420. 10. 3420. 1 .0 20.0 2.6 293.6 29 1 .0 1 .0 
13877 36.48 82.40 1 0. 30. 20. 5000. 20. 3420. 20. 3420. 1 .0 0.0 0.0 290.2 288.0 1 .0 
93070707 3 
1 3882 35 .03 85.20 10. 20. 1 0. 5000. 1 0. 3420. 1 0. 3420. 1 .0 1 0.0 3.2 298.0 293.8 1 .0 
1 389 1 35.80 84.00 30. 60. 30. 5000. 30. 3420. 30. 3420. 1 .0 30.0 2. 1 294.7 29 1 .0 1 .0 
1 3877 36.48 82.40 30. so. 20. 5000. 20. 3420. 20. 3420. 1 .0 80.0 2. 1  29 1 .3 288.0 1 .0 
93070708 3 
1 3882 35.03 85.20 10.  30.  20. 5000. 20. 3420. 20. 3420. 1 .0 50.0 4.2 299.7 293.8 1 .0 
1 389 1 35.80 84.00 30. 50. 20. 5000. 20. 3420. 20. 3420. 1 .0 360.0 2. 1 295.2 291 .0 1 .0 
1 3 877 36.48 82.40 40. 60. 20. 9144. 20. 3420. 20. 3420. 1 .0 60.0 2 . 1  293.0 288.0 1 .0 
93070709 3 
1 3882 35 .03 85.20 00. 20. 20. 5000. 20. 3420. 20. 3420. 1 .0 30.0 3 .7 300.8 293.8 1 .0 
1 389 1 35 .80 84.00 20. 30. 1 0. 5000. 1 0. 3420. 1 0. 3420. 1 .0 1 30.0 2. 1 298.6 291 .0 1 .0 
1 3877 36.48 82.40 60. 80. 20. 9144. 20. 3420. 20. 3420. 1 .0 70.0 2.6 294.6 288.0 1 .0 
930707 1 0  3 
1 3 882 35.03 85.20 00. 1 0. 1 0. 5000. 1 0. 3420. 1 0. 3420. 1 .0 50.0 3 . 1  303.0 293.8 1 .0 
1 389 1 35 .80 84.00 10. 1 0. 00. 5000. 00. 3420. 00. 3420. 1 .0 80.0 2. 1 30 1 .3 291 .0 1 .0 
1 3 877 36.48 82.40 60. 80. 20. 9144. 20. 3420. 20. 3420. 1 .0 50.0 3 . 1  296.9 288.0 1 .0 
1 36 
930707 1 1 3 
1 3882 35.03 85.20 00. 10. 1 0. 5000. 1 0. 3420. 10. 3420. 1 .0 50.0 2. 1 305.8 293.8 1 .0 
1 389 1 35.80 84.00 00. 30. 30. 5000. 30. 3420. 30. 3420. 1 .0 330.0 2. 1 303.0 291 .0 1 .0 
1 3 877 36.48 82.40 60. 80. 20. 9144. 20. 3420. 20. 3420. 1 .0 1 50.0 2. 1 295.8 288.0 1 .0 
93070712 3 
1 3882 35.03 85.20 1 0. 10. 00. 5000. 00. 3420. 00. 3420. 1 .0 280.0 1 .6 306.9 293.8 1 .0 
13891 35.80 84.00 00. 30. 30. 5000. 30. 3420. 30. 3420. 1 .0 1 80.0 2.6 305.8 29 1 .0 1 .0 
1 3 877 36.48 82.40 40. 90. 50. 5000. 50. 3420. 50. 3420. 1 .0 0.0 0.0 300.8 288.0 1 .0 
93070713  3 
1 3882 35.03 85.20 20. 20. 00. 5000. 00. 3420. 00. 3420. 1 .0 360.0 3.2 308.0 293.8  1 .0 
13891 35.80 84.00 00. 20. 20. 5000. 20. 3420. 20. 3420. 1 .0 50.0 2.6 306.9 29 1 .0 1 .0 
13877 36.48 82.40 20. 40. 20. 5000. 20. 3420. 20. 3420. 1 .0 40.0 3.6 300.8 288.0 1 .0 
93070714 3 
1 3882 35.03 85.20 1 0. 1 0. 00. 5000. 00. 3420. 00. 3420. 1 .0 80.0 2. 1 308.5 293 .8 1 .0 
1 3891 35.80 84.00 1 0. 60. 50. 5000. 50. 3420. 50. 3420. 1 .0 50.0 2. 1 307.4 29 1 .0 1 .0 
1 3877 36.48 82.40 20. 40. 20. 5000. 20. 3420. 20. 3420. 1 .0 120.0 3 . 1  30 1 .9 288.0 1 .0 
930707 1 5  3 
1 3882 35.03 85.20 1 0. 10. 00. 5000. 00. 3420. 00. 3420. 1 .0 250.0 3 . 1  309.7 293.8 1 .0 
1 3 89 1  35.80 84.00 1 0. 60. 50. 5000. 50. 3420. 50. 3420. 1 .0 240.0 3 . 1  307.4 29 1 .0 1 .0 
1 3877 36.48 82.40 1 0. 50. 40. 5000. 40. 3420. 40. 3420. 1 .0 1 90.0 2.6 303.0 288.0 1 .0 
930707 16 3 
1 3882 35.03 85.20 20. 20. 00. 5000. 00. 3420. 00. 3420. 1 .0 0.0 0.0 3 1 0.2 293 .8 1 .0 
1 3891 35.80 84.00 1 0. 70. 60. 5000. 60. 3420. 60. 3420. 1 .0 3 1 0.0 3 . 1  308.0 29 1 .0 1 .0 
1 3877 36.48 82.40 20. 80. 60. 5000. 60. 3420. 60. 3420. 1 .0 1 50.0 2.6 303.0 288.0 1 .0 
930707 1 7  3 
1 3882 35.03 85.20 30. 30. 00. 5000. 00. 3420. 00. 3420. 1 .0 200.0 1 .6 307.4 293.8 1 .0 
1 3891 35.80 84.00 1 0. 60. 50. 5000. 50. 3420. 50. 3420. 1 .0 20.0 2. 1  308.0 291 .0 1 .0 
1 3 877 36.48 82.40 1 0. 40. 30. 5000. 30. 3420. 30. 3420. 1 .0 100.0 1 .6 303.0 288.0 1 .0 
930707 1 8  3 
1 3882 3S.03 8S .20 30. 30. 00. sooo. 00. 3420. 00. 3420. 1 .0 360.0 2 . 1  308.6 293.8 1 .0 
1389 1  3S.80 84.00 1 0. 60. 50. sooo. 50. 3420. so. 3420. 1 .0 10.0 2.1  307.4 29 1 .0 1 .0 
13877 36.48 82.40 00. 30. 30. sooo. 30. 3420. 30. 3420. 1 .0 1 10.0 3 . 1  302.4 288.0 1 .0 
930707 19 3 
13882 3S.03 8S.20 20. so. 30. sooo. 30. 3420. 30. 3420. 1 .0 330.0 2.6 306.9 293.8 1 .0 
13891 3S.80 84.00 00. so. 50. sooo. so. 3420. so. 3420. 1 .0 0.0 0.0 305.2 29 1 .0 1 .0 
13877 36.48 82.40 00. 20. 20. sooo. 20. 3420. 20. 3420. 1 .0 70.0 2.6 301 .9 288.0 1 .0 
93070720 3 
1 3 882 35.03 8S.20 30. 80. so. sooo. 50. 3420. 50. 3420. 1 .0 120.0 1 .6 304.7 293.8 1 .0 
1 389 1 3S.80 84.00 1 0. 40. 30. 5000. 30. 3420. 30. 3420. 1 .0 50.0 2.6 303.0 29 1 .0 1 .0 
13877 36.48 82.40 10 .  so. 40. sooo. 40. 3420. 40. 3420. 1 .0 0.0 0.0 299. 1 288.0 1 .0 
93070721 3 
1 3882 3S.03 8S.20 1 0. 40. 30. sooo. 30. 3420. 30. 3420. 1 .0 320.0 1 .6 302.4 293.8 1 .0 
1 389 1 3S.80 84.00 10. 40. 30. sooo. 30. 3420. 30. 3420. 1 .0 40.0 2. 1 30 1 .3 291 .0 1 .0 
13877 36.48 82.40 00. 30. 30. sooo. 30. 3420. 30. 3420. 1 .0 40.0 1 .6 29S.8 288.0 1 .0 
93070722 3 
1 3882 3S.03 8S.20 00. 00. 00. sooo. 00. 3420. 00. 3420. 1 .0 0.0 0.0 3 0 1 .9 293.8 1 .0 
1 389 1 3S.80 84.00 00. 00. 00. sooo. 00. 3420. 00. 3420. 1 .0 360.0 1 .5 299.7 29 1 .0 1 .0 
1 3877 36.48 82.40 30. 60. 30. sooo. 30. 3420. 30. 3420. 1 .0 0.0 0.0 295.2 288.0 1 .0 
137 
93070723 3 
1 3882 35.03 85.20 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 0.0 0.0 299.7 293.8 1 .0 
1 389 1 35.80 84.00 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 20.0 2.6 298.6 29 1 .0 1 .0 
1 3877 36.48 82.40 30. 40. 10. 5000. 10. 3420. 10. 3420. 1 .0 0.0 0.0 294. 1 288.0 1 .0 
93070724 3 
1 3882 35.03 85.20 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 0.0 0.0 299.7 293.8 1 .0 
1 389 1 35 .80 84.00 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 20.0 2.6 298.6 29 1 .0 1 .0 
1 3877 36.48 82.40 30. 40. 10. 5000. 10. 3420. 10. 3420. 1 .0 0.0 0.0 294. 1 288.0 1 .0 
138 
July 10, 1 990 Meteorological Data for the Three Stations 
Station ID : 
Chattanooga: 13882 
Tri-Cities : 13877 
Knoxville : 13891 
9307 1 000 3 
13882 35 .03 85.20 50. 90. 40. 5000. 40. 3420. 40. 3420. 1 .0 0.0 0.0 297.4 293.2 1 .0 
1 3891 35.80 84.00 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 2 10.0 2.6 297.4 293.0 1 .0 
1 3877 36.48 82.40 10. 30. 20. 5000. 20. 3420. 20. 3420. 1 .0 0.0 0.0 297.4 292.0 1 .0 
93071 00 1  3 
13882 35.03 85 .20 00. 20. 20. 5000. 20. 3420. 20. 3420. 1 .0 1 70.0 1 .6 296.9 293.2 1 .0 
1389 1 35 .80 84.00 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 230.0 2.6 296.9 293.0 1 .0 
13877 36.48 82.40 1 0. 30. 20. 5000. 20. 3420. 20. 3420. 1 .0 0.0 0.0 295.8 292.0 1 .0 
9307 1002 3 
13882 35 .03 85.20 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 0.0 0.0 295.7 293.2 1 .0 
13891 35 .80 84.00 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 270.0 2. 1 296.3 293.0 1 .0 
1 3 877 36.48 82.40 1 0. 50. 40. 5000. 40. 3420. 40. 3420. . 1 .0 2 10.0 1 .6 296.3 292.0 1 .0 
93071 003 3 
1 3882 35.03 85.20 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 0.0 0.0 295.2 293.2 1 .0 
1 389 1 35.80 84.00 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 230.0 2.1  295.8 293.0 1 .0 
13877 36.48 82.40 10. 30. 20. 5000. 20. 3420. 20. 3420. 1 .0 0.0 0.0 295 .8 292.0 1 .0 
93071004 3 
13882 35.03 85.20 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 150.0 2 . 1  296.3 293.2 1 .0 
1 389 1 35.80 84.00 60. 60. 00. 7620. 00. 3420. 00. 3420. 1 .0 240.0 2.6 295.8 293.0 1 .0 
1 3 877 36.48 82.40 1 0. 30. 20. 5000. 20. 3420. 20. 3420. 1 .0 220.0 2.6 294.6 292.0 1 .0 
9307 1005 3 
1 3 882 35 .03 85.20 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 0.0 0.0 295.2 293.2 1 .0 
1 389 1 35 .80 84.00 30. 30. 00. 5000. 00. 3420. 00. 3420. 1 .0 320.0 2. 1  295.2 293.0 1 .0 
1 3877 36.48 82.40 20. 50. 30. 5000. 30. 3420. 30. 3420. 1 .0 0.0 0.0 295.2 292.0 1 .0 
93071006 3 
1 3882 35 .03 85.20 30. 40. 10. 5000. 10. 3420. 1 0. 3420. 1 .0 1 80.0 1 .6 295.2 293.2 1 .0 
1 389 1 35 .80 84.00 20. 20. 00. 5000. 00. 3420. 00. 3420. 1 .0 250.0 2. 1 295.2 293.0 1 .0 
13877 36.48 82.40 20. 70. 50. 5000. 50. 3420. 50. 3420. 1 .0 200.0 1 .6 294.6 292.0 1 .0 
9307 1007 3 
1 3882 35 .03 85.20 50. 60. 10. 3658. 10. 3420. 10. 3420. 1 .0 2 1 0.0 2. 1 296.3 293.2 1 .0 
1 389 1 35 .80 84.00 20. 20. 00. 5000. 00. 3420. 00. 3420. 1 .0 2 1 0.0 2. 1 296.3 293 .0 1 .0 
13877 36.48 82.40 10. 30. 20. 5000. 20. 3420. 20. 3420. 1 .0 240.0 2. 1  295.8 292.0 1 .0 
9307 1008 3 
1 3882 35 .03 85.20 30. 40. 10. 5000. 10. 3420. 1 0. 3420. 1 .0 270.0 1 .6 299. 1 293.2 1 .0 
1 389 1 35 .80 84.00 40. 40. 00. 5000. 00. 3420. 00. 3420. 1 .0 190.0 2.6 298.6 293.0 1 .0 
1 3877 36.48 82.40 1 0. 50. 40. 5000. 40. 3420. 40. 3420. 1 .0 200.0 3 . 1  297.4 292.0 1 .0 
9307 1009 3 
1 3882 35 .03 85.20 50. 60. 1 0. 3048. 10. 3420. 10. 3420. 1 .0 240.0 3 . 1  300.7 293.2 1 .0 
1 389 1 35 .80 84.00 60. 60. 00. 2286. 00. 3420. 00. 3420. 1 .0 230.0 4. 1 299. 1 293.0 1 .0 
1 3877 36.48 82.40 10. 50. 40. 5000. 40. 3420. 40. 3420. 1 .0 250.0 3 . 1  299.7 292.0 1 .0 
9307 1 0 1 0  3 
13882 35 .03 85.20 20. 50. 30. 5000. 30. 3420. 30. 3420. 1 .0 220.0 2. 1  302.4 293.2 1 .0 
1 389 1 35.80 84.00 30. 30. 00. 5000. 00. 3420. 00. 3420. 1 .0 220.0 3 . 1  30 1 .9 293.0 1 .0 
1 3877 36.48 82.40 10. 50. 40. 5000. 40. 3420. 40. 3420. 1 .0 260.0 3.6 30 1 .3 292.0 1 .0 
1 39 
9307 I O I I 3 
1 3882 35.03 85.20 20. 50. 30. 5000. 30. 3420. 30. 3420. I .O 300.0 2.6 303.0 293.2 1 .0 
1 389I 35.80 84.00 I O. I 0. 00. 5000. 00. 3420. 00. 3420. I .O 200.0 4.1  304.1  293.0 1 .0 
1 3877 36.48 82.40 00. 00. 00. 5000. 00. 3420. 00. 3420. I .O 290.0 4.1  303.0 292.0 1 .0 
9307IOI2 3 
1 3882 35.03 85.20 I O. 30. 20. 5000. 20. 3420. 20. 3420. I .O I 80.0 1 .6 305.2 293.2 1 .0 
1 389 I 35.80 84.00 00. 00. 00. 5000. 00. 3420. 00. 3420. I .O 220.0 4.I  306.3 293.0 1 .0 
I 3877 36.48 82.40 00. 00. 00. 5000. 00. 3420. 00. 3420. I .O 300.0 3.6 304. I 292.0 1 .0 
9307 I 0 1 3  3 
1 3882 35.03 85.20 I O. IO. 00. 5000. 00. 3420. 00. 3420. 1 .0 0.0 0.0 307.4 293.2 1 .0 
1 389I 35.80 84.00 00. 00. 00. 5000. 00. 3420. 00. 3420. I .O 240.0 4. I 306.3 293.0 1 .0 
13877 36.48 82.40 40. 50. I 0. 5000. IO. 3420. I O. 3420. I .O 200.0 3 . I  305.8 292.0 1 .0 
9307I O I 4  3 
1 3882 35.03 85.20 40. 40. 00. 5000. 00. 3420. 00. 3420. 1 .0 0.0 0.0 308.6 293.2 1 .0 
1 389I 35 .80 84.00 20. 20. 00. 5000. 00. 3420. 00. 3420. I .O 320.0 2.6 308.0 293.0 1 .0 
1 3877 36.48 82.40 30. 70. 40. 5000. 40. 3420. 40. 3420. I .O 320.0 5.2 306.3 292.0 1 .0 
9307 I O I 5  3 
1 3882 35.03 85.20 70. 80. IO. 7620. IO.  3420. I O. 3420. 1 .0 320.0 4.2 308.0 293.2 1 .0 
1 389 I 35.80 84.00 60. 60. 00. I677. 00. 3420. 00. 3420. I .O 300.0 2.6 308.0 293.0 1 .0 
13877 36.48 82.40 40. 80. 40. 5000. 40. 3420. 40. 3420. 1 .0 350.0 3.6 306.8 292.0 1 .0 
9307 I O I 6  3 
1 3 882 35.03 85.20 70. 70. 00. I829. 00. 3420. 00. 3420. I .O 300.0 5.7 306.3 293.2 1 .0 
I389I 35 .80 84.00 70. ·70. 00. I677. 00. 3420. 00. 3420. 1 .0 360.0 3 . I  306.3 293.0 1 .0 
1 3877 36.48 82.40 50. 80. 30. 9I44. 30. 3420. 30. 3420. 1 .0 30.0 2. I 306.3 292.0 1 .0 
9307 I O I 7  3 
1 3882 35.03 85.20 90. 90. 00. I829. 00. 3420. 00. 3420. 1 .0 I 50.0 1 .6 30 1 .3 293.2 1 .0 
1 389 I 35.80 84.00 90. I OO. I0. 2743. IO. 3420. IO. 3420. I .O 260.0 1 .5 304. I 293.0 1 .0 
1 3 877 36.48 82.40 70. 90. 20. 13 I l . 20. 3420. 20. 3420. 1 .0 I50.0 3 .6 305.8 292.0 1 .0 
9307 I O I 8  3 
1 3 882 35.03 85.20 90. 90. 00. 854. 00. 3420. 00. 3420. I .O 230.0 4.2 296.3 293.2 1 .0 
1 389 I 35.80 84.00 I OO. I OO. 00. 2743. 00. 3420. 00. 3420. I .O 230.0 3 .6 303.0 293.0 1 .0 
1 3877 36.48 82.40 80. 90. IO. 9I44. IO. 3420. IO. 3420. 1 .0 I 80.0 1 .6 3 0 1 .3 292.0 1 .0 
9307 I O I 9  3 
1 3882 35.03 85.20 90. 90. 00. I98 1 .  00. 3420. 00. 3420. 1 .0 40.0 3 . I  295.7 293.2 1 .0 
1 389 I 35.80 84.00 80. I OO. 20. 7620. 20. 3420. 20. 3420. 1 .0 230.0 4.6 3 0 1 .3 293.0 1 .0 
13877 36.48 82.40 60. 90. 30. 9I44. 30. 3420. 30. 3420. 1 .0 350.0 1 .6 299.7 292.0 1 .0 
9307 I020 3 
1 3882 35.03 85.20 90. 90. 00. 3658. 00. 3420. 00. 3420. 1 .0 I70.0 2. I 295.7 293 .2 1 .0 
1389I 35.80 84.00 80. IOO. 20. 7620. 20. 3420. 20. 3420. I .O 230.0 2.6 299.7 293.2 1 .0 
1 3 877 36.48 82.40 80. 90. I O. 9I44. I O. 3420. IO.  3420. 1 .0 I 50.0 3 . I  299. I 292.0 1 .0 
9307 102 I 3 
1 3882 35.03 85.20 90. 90. 00. 3658. 00. 3420. 00. 3420. 1 .0 0.0 0.0 295.7 293.2 1 .0 
1 389 I 35.80 84.00 90. IOO. IO. 5000. IO. 3420. IO. 3420. 1 .0 230.0 5 . I  299. I 293.2 1 .0 
1 3 877 36.48 82.40 90. 90. 00. 9 I44. 00. 3420. 00. 3420. 1 .0 40.0 1 .6 298.0 292.0 1 .0 
9307 I022 3 
1 3882 35.03 85.20 90. 90. 00. 7620. 00. 3420. 00. 3420. 1 .0 0.0 0.0 295.7 293.2 1 .0 
1 389I 35.80 84.00 70. IOO. 30. 7620. 30. 3420. 30. 3420. 1 .0 260.0 3.6 298.0 293.2 1 .0 
1 3877 36.48 82.40 20. 60. 40. 5000. 40. 3420. 40. 3420. I .O 240.0 I .6 296.9 292.0 1 .0 
I40 
9307 1 023 3 
1 3 882 35.03 85.20 50. 90. 40. 5000. 40. 3420. 40. 3420. 1 .0 1 80.0 2.6 295.7 293.2 1 .0 
1 3 89 1  35.80 84.00 70. 100. 30. 7620. 30. 3420. 30. 3420. 1 .0 300.0 2.6 297.4 293.2 1 .0 
13877 36.48 82.40 80. 90. 10. 7620. 10. 3420. 10. 3420. 1 .0 240.0 3 .6 296.9 292.0 1 .0 
93071 024 3 
13882 35 .03 85 .20 50. 90. 40. 5000. 40. 3420. 40. 3420. 1 .0 1 80.0 2.6 295.7 293.2 1 .0 
1 3 891 35.80 84.00 70. 100. 30. 7620. 30. 3420. 30. 3420. 1 .0 300.0 2.6 297.4 293.2 1 .0 
13877 36.48 82.40 80. 90. 10. 7620. 10. 3420. 10. 3420. 1 .0 240.0 3.6 296.9 292.0 1 .0 
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July 25, 1 990 Meteorological Data for the Three Stations 
Station ID : 
Chauanooga: 1 3882 
Tri-Cities : 13877 
Knoxville : 1389 1 
93072500 3 
13882 35.03 85.20 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 3 1 0.0 2. 1 295.8 289.0 1 .0 
1 3891 35.80 84.00 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 1 00.0 1 .5 294.7 290.0 1 .0 
1 3877 36.48 82.40 10. 30. 20. 5000. 20. 3420. 20. 3420. 1 .0 0.0 0.0 291 .9 287.0 1 .0 
93072501  3 
1 3882 35.03 85.20 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 0.0 0.0 294.7 289.0 1 .0 
1 389 1 35.80 84.00 20. 20. 00. 5000. 00. 3420. 00. 3420. 1 .0 30.0 2. 1  294 . 1  290.0 1 .0 
1 3877 36.48 82.40 40. 80. 40. 5000. 40. 3420. 40. 3420. 1 .0 320.0 1 .6 290.8 287.0 1 .0 
93072502 3 
1 3882 35 .03 85.20 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 3 10.0 2. 1 1 93 .6 289.0 1 .0 
1 3891 35.80 84.00 10. 1 0. 00. 5000. 00. 3420. 00. 3420. 1 .0 1 0.0 2. 1 293.6 290.0 1 .0 
13877 36.48 82.40 20. 50. 30. 5000. 30. 3420. 30. 3420. 1 .0 0.0 0.0 290.8 287.0 1 .0 
93072503 3 
1 3882 35.03 8520 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 0.0 0.0 293.0 289.0 1 .0 
1 3891 35.80 84.00 50. 70. 20. 7620. 20. 3420. 20. 3420. 1 .0 360.0 2.6 293.0 290.0 1 .0 
13877 36.48 82.40 80. 80. 00. 3048. 00. 3420. 00. 3420. 1 .0 30.0 2. 1 290.2 287.0 1 .0 
93072504 3 
1 3882 35.03 85.20 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 0.0 0.0 292.4 289.0 1 .0 
1 3891 35.80 84.00 20. 30. 1 0. 5000. 1 0. 3420. 10. 3420. 1 .0 1 0.0 2.6 292.4 290.0 1 .0 
1 3877 36.48 82.40 80. 80. 00. 3048. 00. 3420. 00. 3420. 1 .0 0.0 0.0 290.2 290.0 1 .0 
93072505 3 
1 3 882 35.03 85.20 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 0.0 0.0 291 .9 289.0 1 .0 
1 3891 35.80 84.00 30. 30. 00. 5000. 00. 3420. 00. 3420. 1 .0 20.0 2.6 29 1 .9 290.0 1 .0 
1 3 877 36.48 82.40 1 0. 30. 20. 5000. 20. 3420. 20. 3420. 1 .0 0.0 0.0 290.8 290.0 1 .0 
93072506 3 
1 3882 35.03 85.20 1 0. 30. 20. 5000. 20. 3420. 20. 3420. 1 .0 0.0 0.0 29 1 .3 289.0 1 .0 
1 3891 35.80 84.00 30. 30. 00. 5000. 00. 3420. 00. 3420. 1 .0 1 0.0 2. 1 29 1 .9 290.0 1 .0 
1 3 877 36.48 82.40 10. 30. 20. 5000. 20. 3420. 20. 3420. 1 .0 0.0 0.0 289.7 290.0 1 .0 
93072507 3 
1 3882 35.03 85.20 1 0. 20. 1 0. 5000. 10. 3420. 1 0. 3420. 1 .0 0.0 0.0 293.0 289.0 1 .0 
1 389 1 35.80 84.00 20. 20. 00. 5000. 00. 3420. 00. 3420. 1 .0 20.0 2.6 292.4 290.0 1 .0 
1 3 877 36.48 82.40 10. 30. 20. 5000. 20. 3420. 20. 3420. 1 .0 60.0 1 .6 29 1 .3 290.0 1 .0 
93072508 3 
1 3882 35 .03 85.20 00. 1 0. 10. 5000. 1 0. 3420. 1 0. 3420. 1 .0 3 10.0 3 .2 296.9 289.0 1 .0 
1 389 1 35.80 84.00 30. 30. 00. 5000. 00. 3420. 00. 3420. 1 .0 300.0 2. 1 294.7 290.0 1 .0 
1 3877 36.48 82.40 10. 30. 20. 5000. 20. 3420. 20. 3420. 1 .0 90.0 3.7 293.6 290.0 1 .0 
93072509 3 
1 3882 35.03 85.20 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 3 10.0 5.8 297.4 289.0 1 .0 
1 389 1 35 .80 84.00 00. 20. 20. 5000. 20. 3420. 20. 3420. 1 .0 70.0 3 . 1  297.4 290.0 1 .0 
1 3877 36.48 82.40 60. 60. 00. 2743. 00. 3420. 00. 3420. 1 .0 1 00.0 2. 1 295.2 290.0 1 .0 
930725 1 0  3 
1 3882 35.03 85.20 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 3 10.0 3.2 299.7 289.0 1 .0 
1 3891 35.80 84.00 10. 1 0. 00. 5000. 00. 3420. 00. 3420. 1 .0 50.0 2.6 298.0 290.0 1 .0 
1 3877 36.48 82.40 40. 40. 00. 5000. 00. 3420. 00. 3420. 1 .0 70.0 4.2 297.4 290.0 1 .0 
1 42 
930725 1 1  3 
1 3882 35.03 85 .20 10.  30.  20. 5000. 20. 3420. 20. 3420. 1 .0 3 10.0 4.2 301 .9 289.0 1 .0 
13891  35.80 84.00 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 70.0 3 . 1  299.7 290.0 1 .0 
13877 36.48 82.40 10. 10. 00. 5000. 00. 3420. 00. 3420. 1 .0 90.0 3 .7 299. 1 290.0 1 .0 
930725 1 2  3 
1 3882 35 .03 85.20 10. 30. 20. 5000. 20. 3420. 20. 3420. 1 .0 3 1 0.0 4.2 302.4 289.0 1 .0 
1 3891 35.80 84.00 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 70.0 5 .7 301 .3 290.0 1 .0 
1 3877 36.48 82.40 10. 1 0. 00. 5000. 00. 3420. 00. 3420. 1 .0 40.0 3.7 300.2 290.0 1 .0 
930725 13  3 
13882 35.03 85.20 1 0. 30. 20. 5000. 20. 3420. 20. 3420. 1 .0 3 1 0.0 3 .7 303.0 289.0 1 .0 
13891 35 .80 84.00 20. 20. 00. 5000. 00. 3420. 00. 3420. 1 .0 60.0 4.6 302.4 290.0 1 .0 
1 3 877 36.48 82.40 10.  1 0. 00. 5000. 00. 3420. 00. 3420. 1 .0 30.0 3.7 30 1 .9 290.0 1 .0 
930725 14 3 
1 3882 35 .03 85.20 10. 30. 20. 5000. 20. 3420. 20. 3420. 1 .0 3 1 0.0 3.7 303.6 289.0 1 .0 
1 3891 35.80 84.00 40. 40. 00. 5000. 00. 3420. 00. 3420. 1 .0 50.0 3.6 302.4 290.0 1 .0 
13877 36.48 82.40 1 0. 1 0. 00. 5000. 00. 3420. 00. 3420. 1 .0 50.0 3 .7 301 .9 290.0 1 .0 
930725 1 5  3 
1 3882 35 .03 85.20 10. 30. 20. 5000. 20. 3420. 20. 3420. 1 .0 3 1 0.0 4.2 304. 1 289.0 1 .0 
1 3891 35 .80 84.00 20. 20. 00. 5000. 00. 3420. 00. 3420. 1 .0 1 0.0 4.6 303.6 290.0 1 .0 
1 3877 36.48 82.40 1 0. 10. 00. 5000. 00. 3420. 00. 3420. 1 .0 60.0 4.2 30 1 .9 290.0 1 .0 
930725 1 6  3 
13882 35.03 85.20 10. 30. 20. 5000. 20. 3420. 20. 3420. 1 .0 3 1 0.0 4.2 304.7 289.0 1 .0 
1 389 1 35.80 84.00 10. 10. 00. 5000. 00. 3420. 00. 3420. 1 .0 40.0 3.6 303.6 290.0 1 .0 
13877 36.48 82.40 20. 40. 20. 5000. 20. 3420. 20. 3420. 1 .0 20.0 4.2 3 0 1 .9 290.0 1 .0 
930725 1 7  3 
13882 35.03 85 .20 30. 80. 50. 5000. 50. 3420. 50. 3420. 1 .0 3 10.0 2.6 304. 1 289.0 1 .0 
1 3891 35 .80 84.00 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 40.0 4. 1 303.0 290.0 1 .0 
13877 36.48 82.40 20. 30. 10. 5000. 10. 3420. 10. 3420. 1 .0 20.0 4.2 30 1 .3 290.0 1 .0 
930725 1 8  3 
1 3882 35 .03 85.20 30. 80. 50. 5000. 50. 3420. 50. 3420. 1 .0 3 1 0.0 3 .2 303.6 289.0 1 .0 
1 3891 35 .80 84.00 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 50.0 3 .6 3 0 1 .9 290.0 1 .0 
1 3877 36.48 82.40 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 40.0 4.2 300.8 290.0 1 .0 
930725 19 3 
13882 35.03 85.20 10. 40. 30. 5000. 30. 3420. 30. 3420. 1 .0 3 1 0.0 2.6 302.4 289.0 1 .0 
13891 35.80 84.00 60. 60. 00. 259 1 .  00. 3420. 00. 3420. 1 .0 1 0.0 2.6 300.2 290.0 1 .0 
1 3877 36.48 82.40 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 20.0 4.2 299. 1 290.0 1 .0 
93072520 3 
1 3882 35 .03 85 .20 10. 40. 30. 5000. 30. 3420. 30. 3420. 1 .0 3 10.0 2 . 1  299.7 289.0 1 .0 
1 389 1 35 .80 84.00 70. 70. 00. 2743. 00. 3420. 00. 3420. 1 .0 20.0 2.6 299.7 290.0 1 .0 
1 3877 36.48 82.40 10. 30. 20. 5000. 20. 3420. 20. 3420. 1 .0 20.0 3 . 1  296.9 290.0 1 .0 
9307252 1 3 
1 3882 35 .03 85.20 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 0.0 0.0 298.0 289.0 1 .0 
1 3891 35 .80 84.00 40. 40. 00. 5000. 00. 3420. 00. 3420. 1 .0 30.0 2. 1  298.0 290.0 1 .0 
13877 36.48 82.40 10. 20. 1 0. 5000. 1 0. 3420. 1 0. 3420. 1 .0 1 20.0 2. 1  295.2 290.0 1 .0 
93072522 3 
1 3882 35.03 85.20 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 0.0 0.0 296.3 289.0 1 .0 
1 389 1 35 .80 84.00 30. 30. 00. 5000. 00. 3420. 00. 3420. 1 .0 20.0 2. 1 297.4 290.0 1 .0 
1 3877 36.48 82.40 00. 20. 20. 5000. 20. 3420. 20. 3420. 1 .0 30.0 2. 1 294. 1  290.0 1 .0 
143 
93072523 3 
13882 35.03 85.20 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 0.0 0.0 295.2 289.0 1 .0 
1 3891 35.80 84.00 40. 40. 00. 5000. 00. 3420. 00. 3420. 1 .0 30.0 2. 1 295.8 290.0 1 .0 
1 3877 36.48 82.40 10. 20. 1 0. 5000. 10. 3420. 1 0. 3420. 1 .0 40.0 3.7 293 .5 290.0 1 .0 
93072524 3 
1 3882 35.03 85.20 00. 00. 00. 5000. 00. 3420. 00. 3420. 1 .0 0.0 0.0 295.2 289.0 1 .0 
13891 35.80 84.00 40. 40. 00. 5000. 00. 3420. 00. 3420. 1 .0 30.0 2.1  295.8 290.0 1 .0 
1 3 877 36.48 82.40 10. 20. 1 0. 5000. 1 0. 3420. 10. 3420. 1 .0 40.0 3.7 293.5 290.0 1 .0 
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